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PREFACE. 



This Yolame takes the place of the anthor^s Lessons in Botany 
AND YfiOETABLB Physioloot, published over a quarter of a cen* 
tury ago. It is constructed on the same lines, and is a kind 
of new and much revised edition of that successful work. While 
in some respects more extended, it is also more concise and terse 
than its predecessor. This should the better fit it for its purpose 
now that competent teachers are common. They may in many cases 
develop paragraphs into lectures, and fully illustrate points which 
are barely, but it is hoped clearly, stated. Indeed, even for those 
without a teacher, it may be that a condensed is better than a 
diffuse exposition. 

The book is adapted to the higher schools, " How Plants Grow 
and Behave *' being the " Botany for Young People and Common 
Schools." It is intended to ground beginners in Structural Botany 
and the principles of vegetable life, mainly as concerns Flowering 
or Phanerogamous plants, with which botanical instruction should 
always begin ; also to be a companion and interpreter to the Man- 
uals and Floras by which the student threads his flowery way to 
a clear knowledge of the surrounding vegetable creation. Such a 
book, like a grammar, must needs abound in technical words, 
which thus arrayed may seem formidable ; nevertheless, if rightly 
apprehended, this treatise should teach that the study of bot- 
any is not the learning of names and terms, but the acquisition 
of knowledge and ideas. No effort should be made to com- 
mit technical terms to memory. Any term used in describing a 
plant or explaining its structure can be looked up when it is 
wanted, and that should suffice. On the other hand, plans of 
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Btructure, types, adaptations, and modifications, once understood, 
are not readily forgotten ; and they give meaning and interest to 
the technical terms used in explaining them. 

In these "Elements" naturally no mention has been made of 
certain terms and names which recent cryptogamically-minded 
botanists, with lack of proportion and just perspective, are en- 
deavoring to introduce into phanerogamous botany, and which are 
not needed nor appropriate, even in more advanced works, for the 
adequate recognition of the ascertained analogies and homologies. 

As this volume will be the grammar and dictionary to more than 
one or two Manuals, Floras, etc., the particular directions for pro- 
cedure which were given in the " First Lessons " are now relegated 
to those works themselves, which in their new editions will pro- 
vide the requisite explanations. On the other hand, in view of 
such extended use, the Glossary at the end of this book has been 
considerably enlarged. It will be found to include not merely the 
common terms of botanical description but also many which are 
unusual or obsolete ; yet any of them may now and then be encoun- 
tered. Moreover, no small number of the Latin and Greek words 
which form the whole or part of the commoner specific names are 
added to this Glossary, some in an Anglicized, others in their Latin 
form. This may be helpful to students with small Latin and less 
Greek, in catching the meaning of a botanical name or term. 

The illustrations in this volume are largely increased in number. 
They are mostly from the hand of Isaac Sprague. 

It happens that the title chosen for this book is that of the 
author's earliest publication, in the year 1836, of which copies are 
rarely seen ; so that no inconvenience is likely to arise from the 
present use of the name. 

ASA GRAY. 

Cambbidoe, Massachusetts, 
Ma/rch, 1887. 
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ELEMENTS OF BOTANY. 



Section I. INTRODUCTORY. 

1. Botany is the name of the science of the vegetable kingdom in 
general ; that is, of plants. 

2. Plants may be studied as to their kinds and relationships. This 
study is Systematic Botany. An enumeration of the kinds of vegetables, 
as far as known, classified according to their various degrees of resemblance 
or difference, constitutes a general System of plants. A similar account of 
the vegetables of any particular country or district is called a Flora. 

3. Plants may be studied as to their structure and parts. This is 
Steuctural Botany, or Organography. The study of the organs or 
parts of plants in regard to the different forms and different uses which 
the same kind of organ may assume, — the comparison, for instance, of 
a flower-leaf or a bud-scale with a common leaf, — is Vegetable Mor- 
phology, or Morphological Botany. The study of the minute structure 
of the parts, to learn by the microscope what they themselves are formed 
of, is Vegetable Anatomy, or Histology ; in other words, it is Micro- 
scopical Structural Botany. The study of the actions of plants or of their 
parts, of the ways in which a plant lives, grows, and acts, is the province 
of Physiological Botany, or Vegetable Physiology. 

4. This book is to teach the outlines of Structural Botany and of the 
simpler parts of the physiology of plants, that it may be known how 
plants are constructed and adapted to their surroundings, and how they 
live, move, propagate, and have their being in an existence no less real, 
although more simple, than that of the animal creation which they support. 
Particularly, this book is to teach the principles of the structure and rela- 
tionships of plants, the nature and names of their parts and their modifica- 
tions, and so to prepare for the study of Systematic Botany ; in which the 
learner may ascertain the name and the place in the system of any or all 
of the ordinary plants within reach, whether wild or cultivated. And in 
ascertaining the name of any plant, the student, if rightly taught, will come 
to know all about its general or particular structure, rank, and relationship 
to other plants. 



10 ELEMENTS OP BOTANY. [SECTION 1. 

5 The vegetable kingdom is so vast and various, and the difference is 
so wide between ordinary trees, shrubs, and herbs on the one hand, and 
mosses, moulds, and such like on the other, that it is hardly possible to 
frame an intelligible account of plants as a whole without contradictions 
or misstatements, or endless and troublesome qualifications. If we say 
that plants come from seeds, bear flowers, and have roots, stems, and 
leaves, this is not true of the lower orders. It is best for the beginner, 
therefore, to treat of the higher orders of plants by themselves^ without 
particular reference to the lower. 

6. Let it be understood, accordingly, that there is a higher and a lower 
series of plants ; namely : — 

Phanerogamous Plants, which come from seed and bear fowerSy es- 
sentially stamens and pistils, through the co-operation of which seed is 
produced. For shortness, these are commonly called Phanerogams, or 
FhanogamSy or by the equivalent English name of Flowering Plants.* 

Cryptogamous Plants, or Cryptogams, come from minute bodies, which 
answer to seeds, but are of much simpler structure, and such plants have 
not stamens and pistils. Therefore they are called in English Flowerless 
Plants. Such are Ferns, Mosses, Algae or Seaweeds, Fungi, etc. These 
sorts have each to be studied separately, for each class or order has a plan 
of its own. 

7. But Phanerogamous, or Flowering, Plants are all constructed on one 
plan, or type. That is, taking almost any ordinary herb, shrub, or tree for 
a pattern, it will exemplify the whole series : the parts of one plant answer 
to the parts of any other, with only certain differences in particulars. And 
the occupation and the delight of the scientific botanist is in tracing out 
this common plan, in detecting the likenesses under all the diversities, and 
in noting the meaning of these manifold diversities. So the attentive study 
of any one plant, from its growth out of the seed to the flowering and 
fruiting state and the production of seed like to that from which the plant 
grew, would not only give a correct general idea of the structure, growth, 
and characteristics ^f Flowering Plants in general, but also serve as a pat- 
tern or standard of comparison. Some plants will serve this purpose of a 
pattern much better than others. A proper pattern will be one that is 
perfect in the sense of having all the principal parts of a phanerogamous 
plant, and simple and regular in having these parts free from complications 
or disguises. The common Flax-plant may very well serve this purpose. 
Being an annual, it has the advantage of being easily raised and carried 
in a short time through its circle of existence, from seedling to fruit and 
seed. 

1 The name is sometimes Phanerogamous ^ sometimes Phanogamous (Phanero- 
gamSy or PAanogams), terms of the same meaning etymologically ; the former of 
preferable form, hut the latter shorter. The meaning of such terms is explained 
in the Glossary. 
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Section II. FLAX AS A PATTEEN PLANT, 

8. Growth from the Seed. Phanerogamous plants grow from seed, 
and their flowers are destined to the production of seeds. A seed has a 
rudimeutarj plant ready formed in it, — sometimes with the two most 
essential parts^ i. e. stem and leaf, plainly discernible ; sometimes with no 
obvious distinction of organs until gennination begins. This incipient 
plant is called an Ehbrto. 

9. In this section the Elax-plant is taken as a specimen, or type, and 
the development and history of common plants in general is illustrated by 
it. In flax-seed the embryo nearly fllls the coats, but not quite. There 
is a small deposit of nourishment between the seed-coat and the embryo : 
this may for the present be left out of the account. This embryo consists 
of a pair of leaves, pressed together face to face, and attached to an ex- 
tremely short stem. (Fig. 2-4.) In this rudimentary condition the real 
nature of the parts is not at once apparent ; but wlien the seed grows they 
promptly reveal their character, — as the accompanying figures (Fig. 5-7) 
show. 





1 2 8 4 

10. Before the nature of these parts in the seed was altogether under- 
stood, technical names were given to them, which are still in use. These 
initial leaves were named Cottledoks. The initial stem on which they 
stand was called the Radicle. That was because it gives rise to the first 
root ; but, as it is really the beginning of the stem, and because it is the 
stem that produces the root and not the root that produces the stem, it is 
better to name it the Caulicle. Recently it has been named Hypocotyle; 
which signifies something below the cotyledons, without pronouncing what 
its nature is. 



Fig. 1. Pod of Flax. 2. Section leogthwise, showing two of the seeds; one whole, 
the other cut half away, bringing contained embryo into view. 3. Similar section 
of a flax-seed more magnified and divided flatwise; turned round, so that the 
stem-end (caulicle) of the embryo is below: the whole broad upper part is the 
inner face of one of the cotyledons; the minute nick at its base is the plumule. 
4. Similar section through a seed turned edgewise, showing the thickness of the 
cotyledons, and the minute plumule between them, L e. the minute bud on the 
upper end of the caulicle. 
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11. On committing these seeds to moist and warm soil they soon sprout 
i. e. germinate. The very short stem-part of the embryo is the first to 
grow. It lengthens, protrudes its root-end ; this turns downward, if not 
already pointing in that direction, and wbile it is lengthening a root forms 
at its point and grows downward into the ground. This root continues to 
grow on from its lower end, and thus insinuates itself and 
penetrates into the soil. T.he stem meanwhile is adding 
to its length throughout ; it erects itself, and, seeking the 
light, brmgs the seed up out of the ground. The mate- 
rials for this growth Lave been supplied by the cotyledons 
or seed-leaves, still in the seed : it was the store of nour- 
ishing material they held which gave them their thickish 
shape, so unlike that of ordinary leaves. Now, relieved of 
a part of this store of food, which has formed the growth by 
which they have been raised into the air 
and light, they appropriate the remain- 
der to their own growth. In enlarging 
they open and throw off the seed-husk ; 
they expand, diverge into a horizontal 
position, turn green, and thus become 
a pair of evident leaves, the first foliage 
of a tiny plant. This seedling, although 
diminutive and most simple, possesses 
and puts into use, all the Obgans of 
Vegetation, namely, root, stem, and 
leaves, each iu its proper element, — the 
root in the soil, the stem rising out of 
it, the leaves in the light and open air. 
It now draws in moisture and some 
food-materials from the soil by its root, 

conveys this through the stem into the leaves, where these materials, along 
with other crude food which these imbibe from the air, are assimilated into 
vegetable matter, i. e. into the material for further growth. 

12. Further Growth soon proceeds to the formation of new parts, — 
downward in the production of more root, or of branches of the main root, 
upward in the development of more stem and leaves. That from which a 
stem with its leaves is continued, or a new stem (i. e. branch) originated, is 
a Bud. The most conspicuous and familiar buds are those of most shrubs 
and trees, bearing buds formed in summer or autumn, to grow the following 

Fig. 6. Early Flax seedling ; stem (caulicle), root at lower end, expanded seed- 
leaves (cotyledons) at the other : minute bud (plumule) between these. 6. Same 
later; the bud developed into second pair of leaves, with hardly any stem-part be- 
low them; then into a third pair of leaves, raised on a short joint of stem; and a 
fifth leaf also showing. 7. Same still older, with more leaves developed, but these 
singly (one after another), and with joints of stem between them. 
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apnng. But every such point (or new growtli ma; equal!; bear the name. 
When there is sucL a bud betweeu tile cot;leduus in tlie seed or seedling 
it is called the Flvhule. Tliis if couspicuuus euuugh iu a b^au (Fig. 20.), 
where the joung leaf of the uev grovrth louks like ahttle pluDie, wbeuce the 
name, plumule. In flax-seed tliis is ver; tniuiite indeed, but is disceruible 
with a magnifier, and iu tbe seedling it shows iiself disiiacti; (Fig. S, C, 7). 

13. As it grows it shapes ttseLt iuto a second paiir of leaves, which of 
course rests on a second juiut of stem, althougb la ihia iustauce that remaiiu 
too abort to be well secu. Upon ita 
summit appears the third pair of 
leaies, soou to be raised upon its 
proper joint of stem ; the next leaf is 
single, ajid is carried up still further 
upon its supporting joint of stem ; 
and so on. The root, meanwhile, 
contiDues to grow undei^round, not 
joint after joint, but continuously, 
from ita lower end; andcommonl; 
it before long multiplies itself by 
branches, which lengthen by the 
same continuous growth. But 
sterna are built up by a succession 
of leaf-beaiiiig growths, such as are 
strongly marked in a reed or corn- 
stalk, and less so in such an herb as 
Flas. The word "joiut" is ambigu- 
ous: it ma; mean either the portion 
between successive leaves, or their 
junction, where tlie leaves are at- 
taclied. For precision, therefore, 
the place where the leaf or leaves 
are home is called a Kose, and the 
naked interval between two nodes, 
an Tnternodb. 

li. In this way a simple stem 
with its garniture of leaves is de- 
veloped from tbe seed. But besides 

this direct continuation, buds ma; fonn and develop into lateral stems, that 
is, iitlo branches, from any node. The proper origin of brandies is from 
the Axil of a leaf, i, e. tlie angle between leaf and stem on the upper side ; 
and branches ma; again branch, so building up the herb, shrub, or tree. 
But sooner or later, and without long delay in an annual like Flan, instead 
of this continuance of mere vegetation, reproduction is prepared for by 

FlQ. 8. tJpper part of Flai-plant in blossom. 
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15. BlosEoming. In Flas Uie flonera male their appearance at the 
end of the stem and branches. The growth, which otherwise miglil con- 
tinue them farther or indefluitelj, now takes the form of blossoni, and b 
Bubserrient to the production of seed. 

16. The Flower of i'lai coosista, first, of five small green leaves, 
crowded into a circle; thia is the CiLTX, or flower^iup. When its sepa- 
rate leaves are referred to thej are called Sefals, a aame which distin- 
gnishes them from folia ge-leavea on the one band, and from petals on the 
other. Then come &ve delicate and colored leaves (in tlie FUs, blue), which 
form the CoaOLU, and its leaves are Petau ; then a circle of organs, in 



which all likeness to leaves ts lost, consisting of slender stalks with a knob 
at summit, the STiMEsa; and lastly, in the centre, the rounded body, 
which becomes a pod, aurmountod by five slender or stalk-like bodies. 
This, all togetlier, is tbe Pistil. Tbe lower part of it, wUcb is to contain the 
seeds, is the Ovart ; the slender organs surmounting this are Styles ; the 
knob borne on the apex of each atjie is a Stigma. Goicg back to the sta- 
mens, these ore of two parts, viz. the stalk, called Filamekt, and the body 
it bears, the Antiier. Anthers ate filled with Pollen, a powdery sub- 
stance made up of minute grains. 

17- The pollen shed from the anthers when they open falls upon or is 
conveyed to the stigmns ; then the pollen-grains set up a kind of growth (to 
be discerned only by wd of a good microscope), which penetrates the style: 
this growth lakes the form of a thread more delicate than the finest spider's 
web, and reaches the bodies which are lo become seeds (Ovules they are 
called until tids change occurs) ; these, touched by this influence, are in- 
cited to a new growth within, which becomes an embryo. So, as the ovary 
ripens into the seed-pod or capsule (Fig, 1, etc.) containing seeds, each 
seed cQclosing a rudimeotary new plantlet, the round of this vegetable 
exbtence is completed. 

Fio, 9. Flai-flowera about UBtural size. 10. Section of a flower moderately 
enlarged, showiog a part of the petals and atamcns, all Rve styles, and a section 
of ovary with two ovules or mdimeatary eeeda. 
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Section III. MOBPHOLOGY OP SEEDLINGS. 

18. Having obtained a general idea of the growth and parts of a pha- 
nerogamous plant from the common Flax of the field, the seeds and seed- 
lings of other famlLar plants may be taken np^ and their variations from the 
assumed pattern examined. 

19. Germinating Maples are excellent to begin with, the parts being 
so much larger than in Flax that a common magnifying glass, although 
conyenient, is hardly necessary. The only disadvantage is that fresh seeds 
are not readily to be had at all seasons. 

20. The seeds of Sugar Maple ripen at the end of summer, and germi- 
nate in early spring. The em- 
bryo fills the whole seed, in 
which it is nicely packed ; and 
the nature of the parts is ob- 
vious even before growth begins. 
There is a stemlet (caulicle) and ^ ^ j2 
a pair of long and narrow seed- 
leaves (cotyledons), doubled up and coiled, green even in the seed, and in 
germination at once unfolding into the first pair of foliage-leaves, though 
of shape quite unlike those that follow. 

21. Red Maple seeds are ripe and ready to germinate at the beginning of 
summer, and are therefore more convenient for study. The cotyledons are 
crumpled in the seed, and not easy to straighten out until they unfold them- 
selves in germination. The story of their development into the seedling is 
told by the accompanying Fig. 14-20 ; and that of Sugar Maple is closely 
similar. No plumule or bud appears in the embryo of these two Maples 
until the seed-leaves have nearly attained their full growth and are acting 
as foliage-leaves, and until a root is formed below. There is no great store 
of nourishment in these thin cotyledons; so further growth has to wait 
until the root and seed-leaves have collected and elaborated sufficient ma- 
terial for the formation of the second intemode and its pair of leaves, 
which lending their help the third pair is more promptly produced, and 
so on. 

22. Some change in the plan comes with the Silver or Soft White Maple. 
(Fig. 21-25). This blossoms in earliest spring, and it drops its large and 
ripened keys only a few weeks later. Its cotyledons have not at all the 
appearance of leaves ; they are short and broad, and (as there is no room 
to be saved by folding) they are straight, except a small fold at the top, — 
a vestige of the habit of Maples in general. Their unusual thickness is due 

Fig. 11 . Embryo of Sugar Maple, cut through lengthwise and taken out of the 
seed. 12, 13. Whole embryo of same just beginning to grow; a, the stemlet op 
caulicle, which in 13 has considerably lengthened. 
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to the large store of nutritive matter they contain, and this prevents their 
developing into actual leaves. Correspondingly, their caulicle does not 
lengthen to elevate them above the surface of the soil ; the growth below 
the cotyledons b nearly all of root. It is the little plumule or bud between 
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them which makes the upward growth, and which, being well fed by the 
cotyledons, rapidly develops the next pair of leaves and raises tliem upon 
a long intemode, and so on. The cotyledons all the while remain below, 
in the hask of the fruit and seed, and perish when they have yielded up the 
store of food which they contained. 

23. So, even in plants so much alike as Maples, there is considerable 
difference in the amount of food stored up in the cotyledons by which the 
growth is to be made ; and there are corresponding differences in the ger- 



Fio. 14. One of the pair of keys or winged fruits of Red Maple; the seed-bear- 
ing portion cut open to show the seed. 15. Seed enlarged, and divided to show 
the crumpled embryo which fills it. 16. Embryo taken out and partly opened. 

17. Embryo which has unfolded in early stage of germination and begun to grow. 

18. Seedling with next joint of stem and leaves apparent; and 19 with these parts 
full-grown, and bud at apex for further growth. 20. Seedling with another joint 
of stem and pair of leaves. 
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miiution. The larger tlie aapply to drav npoD, tlie stronger the growth, 
and the quicker the formatjon of root below and of stem and leaves above. 
Thia deposit of food tUickens the 
cotjledoua, and renders them less 
and less leaf-like in proportion to 
its amount. 

Si. Examples of Embtyos 
with thickened Cotyledons. 
In the Pumpkin and SquaaU (Fig. 
26, 27), the ootjIedoLis are well 
supplied with nourisliing matter, 

as their sweet taste demonstrates. ^ 

Still, thej ere flat and not very w 

thick. In germination this store 
is promptlj utilized ia the devel- 

opraent of the caulicle to twenty or I 

thirty times its length in the seed, 1 

and to correspouding thickness, in ( 

the formation of a cluster of roots ( 

at its lower end, and the early pro- > 

duction of tlie incipient plumule ; 

also in their own growth into effi- ; 

cient green leaves. The case of 
OTur common Be:m (Phaseolus vul- 
garis. Tig. 28-30) ia nearly tlie 24 2, 
same, except that the cotyledons 

are much more gorged ; so that, altbougli carried up into the air and light 
upon the lengthening caulicle, and there acquiring a green color, they 
never expand into useful leaves. Instead of this, they nourish into rapid 
growth the plumule, which is plainly visible in the seed, aa a pair of 
incipient leaves ; and liiese form the first actual foliage. 

85. ¥ery similar ia the germination of the Beech (Fig. 31-33), except 
that the caulicle lengthens less, hardly raising the cotyledons out of the 
ground. Nothing would be gained by elevatjng them, as they never grow 
out into efficient leaves; but the joint of stem belonging to the plumule 
lengthens well, carrying up its pair of real foliage-leaves, 

26. It is nearly the same in the Bean of Ihe Old World (Vicia Faba, 
here called Horse Bean and Windsor Bean) : the caulicle lenglhens very 
little, does nol undertake to elevate the heavy seed, which is left helow or 

Fid. 2]. Fmit (one ley) of Silver Msple, Acer daayoarpnm, of natnral aiie, the 
■sed-1>earing portion divided to show the Beed. 32. Embryo of the eeed taken 
oat. 23. Same opened out, Ui show the thick cotyledons and the little plumnls 
or bud between them. 24, Oermination of Silver Maple, natural aize; merely the 
base of the fruit, containing the seed, is shown. 25. Embryo of same, taken out 
ot the husk ) upper part of growing stem cut o(t, for want of room. 
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npon tbe surface of the soil, tUe flat but thick cotyledona remainiiig in it, 
and anppljbg food (or tbe growth of tbe root belov and tbe plum^e 
above. In its near relative, the Pea (Fig. 34, 3S), tbis use of cotjledous 



for storage only is njoat completely carried out. For they are thickened 
to tbe utmost, even into bemispberes ; the canlicle does not lengthen at aU ; 
merely sends out roots from the lower end, and develops its strong plu- 
mule from the upper, the seed remaining unmoved uadergrouud. That is, 
in teclmical language, tbe germination is h^pog^oua. 

S7- There is sufficient nouri^hmeut in the cotjlcdona of a pea to make 
a very considerable growth before any actual foliage is requii-ed. So it 
is the st«m-portioQ of the plumule wliich is at first conspicuous and strong, 
growing. Here, as seen in Fig. 35, its lower nodes bear each a useless 
leaf-scale instead of an efficient leaf, and only the later ones bear leaves 
fitted for foliage. 

FlO. 26. EnibryoofPnmpkin-aeeil, partly openeJ. 27. Young seedling of same. 

Fio. 28. Embryo or Common Bean (Phaseolus vulgaris): caulicle bent down 
overedgaof cotjledons. 99. Same germinating ; caulide well lengthened and root 
beginai[^; thick cotyledons partly liprcading; and plumii1«(pairof leaveBlgrowiD^ 
between tliem. SO. Same, older, with x>'umule developed into intemode and 
p^r of leaves. 
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28. This hypogaous germination is exemplified on a larger scale by the 
Oak (Pig. 36, 37) and Horse-chestnut (Eig. 38, 39) ; but in these the 
downward growth is wholly a stout tap-root. It is not the caulide; foe 





ibis lengthens hardly any. Indeed, the earliest growth which carries 
the Ycry short caulicle out of the shell comes from the formation of foot- 
stalks to the cotyledons ; above these develops the strong plumule, below 
grows the stout root. The growth is at first entirely, for a long time 



Fio. 81. A Beech-nnt, cut across. 32. BeginniDg germination of the Beech, 
jhowing the plumule growing before the cotyledons have opened or the root has 
scarcely formed. 33. The same, a little later, with the plumule-leaves developing, 
and elevated on a long intern ode. 

Fio. 34. Embryo of Pea, i. e. a pea with the coats removed; the short and 
thick caulicle presented to view. 35. Same in advanced germination : the plumule 
has developed four or five intemodes, bearing single leaves ; but the first and sec- 
ond leaves are mere scales, the third begins to serve as foliage ; the next more so. 
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mainly, at tlie expense or the great store of food in the cotyledons. These, 
after serving their purpose, decaj and fall away. 

S9. Such thick cotyledons never separate; indeed, they sometimes grov 
together by some part of their contiguous laces i so that the g 



»«S 



seems to proceed from a solid bulb-like mass. 
This is the case iu a horse-chestnut. 

30. QCTmlnating Embiyo supplied by Its 
own Store of Nourishment, i. e, the store in 
tlie cotyledons. This is so In all the iUustrations 
thus far, essentially so even in the Flax. This 
nourishment was supplied by the mother plant to 
the ovule and seed, and thence taken into tlie 
embryo during its growtli. Such embryos, filliug 
tie whole seed, are comparatively large and strong, 
" and vigorous ia germination in proportion to the 

amount of their growth while connected with the parent plant. 

31. Oermlnatlng Embiro supplied from a. Deposit outside of It- 
self. This is as common as the other mode; and it occurs in all degrees. 

FlO. 36. Half of an acom, cut lengthwisf, filled by the very thick cotyledons 
the baaa of which endoaas the minute caiiiicle. 37, Oak-seeiiling, 

Pio. 38. Half of a horse-cheatnut, Bimilarly cut ; tlie caulicla is curved down on 
the Bide of one of the thick cotyledone. 39. Uorse-cheatnut in germination ; fool- 
atalkg ore formed to the cotjr ledana, pusMog oat in their lengthening the growing 
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Some seeds hare rery little of tbis deposit, but a comparatiTelj large em- 
bryo, with its parts more or less developed and recognizable. In others 
this deposit forms the main bulk of the seed, and the embryo is small or 
minute, and comparatively rudimentary. The following illustrations exem- 
plify these yarious grades. When an embryo in a seed is thus surrounded 
by a white substance, it was natural to liken the ktter to the white of an 
egg, and the embryo or germ to the yolk. So the matter around or by 
the side of the embryo was called the Albumen, 
i. e. the white of the seed. The analogy is not 
very good ; and to avoid ambiguity some botan- 
ists call it the Endgsfeem. As that means in 
English merely the inwards of a seed, the new 
name is little better than the old one ; and, since 
we do not change names in botany except 
when it cannot be avoided, this name of aldu^ 
men is generally kept up. A seed with such a 
deposit is albuminous, one with none is exal^ 
buminous. 

32. The Albumen forms the main bulk of 
the seed in wheat, maize, rice, buckwheat, and 
the like. It is the floury part of the seed. 
Also of the cocoa-nut, of coffee (where it is dense 
and hard), etc. ; while in peas, beans, almonds, 
and in most edible nuts, the store of food, al- 
though essentially the same in nature and in 
nse, is in the embryo itself, and therefore is not 
counted as anything to be separately named. 
In both forms this concentrated food for the 
germinating plant is food also for man and for 
animals. 

33. For an albuminous seed with a well-developed embryo, the com- 
mon Morning Glory (Ipomoea purpurea, Fig. 40-43) is a convenient exam- 
pie, being easy and prompt to grow, and having all the parts well apparent. 
The seeds (duly soaked for examination) and the germination should be 
compared with those of Sugar and Red Maple (19-21). The only essen- 
tial difference is that here the embryo is surrounded by and crumpled up in 
the albumen. This substance, which is pulpy or mucilaginous in fresh 
and young seeds, hardens as the seed ripens, but becomes again pulpy in 
germination; and, as it liquifies, the thin cotyledons absorb it by their 

FiQ. 40. Seed of Morning Glory divided, moderately magnified ; shows a longi- 
tudinal section through the centre of the embryo as it lies crumpled in the albu- 
men. 41. Embryo taken out whole and unfolded; the broad and very thin 
cotyledons notched at summit ; the caulicle below. 42. Early state of germina* 
tion. 43. Same, more advanced; caulicle or primary stem, cotyledons or seed- 
leaves, and below, the root, well developed. 
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whole sarface. It supplements the natriti?e matter contamed in the 
embryo. Both together form no large store, but sufficient for establishing 
the seedling, with tiny root, stem, and pair of leaves for initiating iia 
independent growth ; which in due time proceeds as in Fig. 44, 45. 

34. Smaller embryos, less developed in the seed, are more dependenl 
upon the extraneous supply of food. The figures 46-53 illustrate four 





M 
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grades in this respect. The smallest, that of the Peony, is still large enough 
to be seen with a hand magnifying glass, and even its cotyledons may be 
discerned by the aid of a simple stage microscope. 

35. The broad cotyledons of Mirabilis, or Four^'clock (Fig. 52, 53), 
with the slender canlicle almost encircle and enclose the floury albumen, 
instead of being enclosed in it, as in the other illustrations. Evidently 
here the germinating embryo is principally fed by one of the leaf-like coty- 
ledons, the other being out of contact with the supply. In the embryo of 
Abronia (Fig. 54, 55), a near relative of Mirabilis, there is a singidar 
modification ; one cotyledon is almost wanting, being reduced to a rudi- 
ment, leaving it for the other to do the work. This leads to the question 
of the 

36. Number of Cotyledons. In all the preceding illustrations, the 
embryo, however different in shape and degree of development, is evidently 



Fia 44. Seedling of Morning Glory more advanced (root cut away); cotyledons 
well developed into foliage-leaves: succeeding intemode and leaf well developed, 
and the next forming. 45. Seedling more advanced; reduced to mnch below 
natural size. 



SECTION 3.] 



SEEDUNG8. 



23 



constructed upon one and the same plan^ namely, that of two leaves on a 
caulicle or initial stem, — a plan which b obyious even when one cotyledon 
becomes very much smaller than the other, as in the rare instance of Abro- 
nia (Fig. 54f, 55). In other words, the embryos so far examined are all 

37. Dicotyledonous, that is, two-cotyledoned. Plants which are thus 
similar in the plan of the embryo agree likewise in the general structure of 

46 48 60 G^ 












their stems, leaves, and blossoms; and thus form a class, named from their 
embryo Dicottledones, or in English, Dicotyledonous Plants. So long 
a name being inconvenient, it may be shortened into Dicottls. 

38. Polycotyledonons is a name employed for the less usual case in 
which there are more than two cotyledons. The Pine is the most familiar 
case. This occurs in all Pines, the number of cotyledons varying from three 
to twelve ; in Fig. 56, 57 they are six. Note that they are all on the same 
level, that is, belong to the same node, so as to form a circle or whorl at the 
summit of the caulicle. When there are only three cotyledons, they divide 
the space equally, are one third of the circle apart. When only two they 
are 180° apart, that is, are opposite. 

39. The case of three or more cotyledons, which is constant in Pines 
and in some of their relatives (but not in all of them), is occasional among 
Dicotyls. And the polycotyledonous is only a variation of the dicotyledonous 
type, — a difference in the number of leaves in the whorl ; for a pair is a 
whorl reduced to two members. Some suppose that there are really only 



Fig. 46. Section of a seed of a Peony, showing a very small embryo in the 
albumen, near one end. 47. This embryo detached, and more magnified. 

Fio. 48. Section of a seed of Barberry, showing the straight embryo in the 
middle of the albumen. 49. Its embryo detached. 

Fig. 60. .Section of a Potato-seed, showing the embryo coiled in the albumen. 
51. Its embryo detached. 

Fig. 52. Section of the seed of Mirabilis or Four-o'clock, showing the embryo 
coiled round the outside of the albumen. 53. Embryo detached; showing the veiy 
broad and leaf-like cotyledons, applied face to face, and the pair incurved* 

Fig. 54. Embryo of Abronia umbellata; one of the cotyledons very smalL 
65. Same straightened out. 
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tiro cotyledons even m & Fine-embryo, but these divided or spbt np cor 
genitally so as to inutsl« a greater number. But as leaves are often i 
vhorU OD ordinary stems, tliey may be 80 at the very beginning. 

40. MonocolylBdonoas (meaning vitli 
single cotyledon) is t!ie name of the one-eoty- 

/ ledoned sort of embryo. Tliia goes along f 
with peculiarities in stem, leaves, and flowers ; v 
which all tc^tber associate sucb plants into 
a great class, called Monoc'otylbdokous 
Plakts, or, for shortness, MoNOCOTYia. It 
means merely that the leaves are alternate 
from the very first. 

41. In Iris (Fig. 58, 59) the embryo in 
the seed is a small cjlioder at one end of the 
mass of the albumen, with no apparent dis- 
tinction of parts. The end which almost 
touches Oie seed-coat is caulicle ; the other 
end belongs to tlie solitajy cotyledon. In 

germination the whole lengthens (but mainly the 
cotyledon) ouly enough to push the proximate 
end fairly out of the seed : from this end the root 
is formed; and from a little higber the plumule 
later emerges. It would appear, therefore, tbat 
the cotyledon answers to a minute leaf rolled up, 
and that a chink through which the plumule 
grows out is a part of the inroUed edges. The 
embryo of Indian Corn shows these parts on a 
larger scale and in a more open state (Fig. 60- 
68). There, in the seed, the cotyledon remains, 
imbibing nourishment from the softened albu- 
men, and transmitting it to the growing root 
below and new-forming leaves above. 

42. Tbe general plan is the same in the Onion (Fig. 60-65), but witD 
a striking difference. The embryo is long, and coiled in tbe albumen of the 
seed. To ordinary examination it shows no distinction of parls. But 
germination plainly shows that all except the lower end of it is cotyledon. 
For after it has lengthened into a long thread, the chink from which the 

Fia. B8. Section of a Pine-seed, showing its poljcotyledonous embryo in the 
centre of the albumen ( moderal«lr magnified. 57, Seedling of same, showing the 
freshly expanded six cotyledons in a whorl, and the plumole just appearing. 

Fig. 63. Section of a seed of the Iris, or Flawtr-de-Luce, enlai^ed, showing its 
»mall embryo in the albumen, near the bottom. 59. A germinating seedling of th« 
lame, its plumule developed into the first four leaves (alternate), the first one 
rudimentary; the cotyledon remains in the seed. 

Fio. 60. Section of an Onion-seed, showing the slender and coiled embryo in the 
fttbumen: mooeratelv magnified. 61. Seed of same in early germination. 
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extremel; short, and does not elongate, 
but seuda out from its base a simple 
root, and afterwards others in a cluster. 
Not only does the cotyledon lengthen 
eiiormonslj in the seedling, but (un- 
like that of Iris, Indian Com, and all 70 

Fio. S2. Oeiminaidng Onion, more advanced j tlie chinic at base of cotyledon 
opening for the protrusion of the plumule, consiating of a thread-shaped leaf. 
63. Bection of base of F^. 62, showing plumule enclosed. 64. Section of same 
later; plumule emerging. 65. Lat«r stage of 62 ; upper part cut off. 66. A grain 
of Indian Corn, flatwise, cut away a little, so aa to show the embryo, lying on the 
albumen, which makes the principal hulk of the seed. 67. A grain cnt through the 
middle in the opposite direction, dividing the embryo through its thick cotyle- 
don and Its plumule, the latter consisting of two leaves, one enoloaing the other. 
63. The embryo, taken out whole: the thick mass ia the cotyledon! the narrow 
body partly enclosed by it is the plumule ; the little proJectioQ at its base ia the 
Tery short radicle enclosed in the sheathing bsse of the £rat leaf of the plumule. 

Flo. 69. Qraia of Indian Com in gennination ; the ascending aprout ia the first 
leaf ot the plumule, enclosing the younger leavea within ; at its baae the primary 
root has broken through. TO. The same, advanced; the second and third leavea 
developing, while the sheathing first leaf does not further develop. 
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the cereal graina) it raUea the compantively light seed into tbe air, the 

tip still remaiuiiig iu tbe seed and feeding upon the albumea. When 

this food is eiliBusted and the seedling ia well es- 

npper end decays and the 

falts away. 

43. In Uuze or In- 
dian Com (Fig. 66-70), 
the embryo is more de- 
veloped in the seed, and 
its parts can be made out. 
) Itlieaagaiostthestarchy 
albuneti, but is not 
enclosed therein. The 
larger part of it ia the 
eotyledou, tliickish, ila 
edges involute, and its 
back in contact with the 
albumen ; partly enclosed 
by it is the well-devel- 
oped plumule or bud 
s to grow. For 
cotyledon remains in 
the seed to fulfil its office 
of imbibing nourishment 
from the softened albu- 
men, which it conveys to 
the growing sprout ; the 
part of thb sprout which is visible is the first leaf of Ihe plumule rolled up 
into a. sheath and enclosing the rudiments of the succeeding leaves, at the 
base enclosing even the minute caulicle. In germination the first leaf of 
the plumule develops only as a sort of slieath, protecLing the tender parts 
within; the second and the third form the first foliage. The caulicle never 
lengthens : tlie first root, which is formed at its lower end, or from any 
part of it," has to break through the enclosing sheath ; and succeeding roots 
soon spring from all or any of the nodes of the plumule. 

a. Simple-stemmed Plants are thus built up, by the continuous pro- 
duction of one leaf-bearing portion of stem from the summit of the preced- 
ing one, beginning with the initial stem (or caulicle) in the embryo. Some 
Dicotjls and many Monocotjls develop only in this single Une of growth (as 
to parts above ground) until the fiowering state is approached. For some 
examples, see Cycas (Fig. 71, front, at the left) ; a tall Yucca or Spanish 
Bayonet, and two Cocoa-nut Palms behind ; at the right, a group of Sugai^ 
I a behind. 

Flo. 71. Simple-stemmeil vegetation. 
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45. Moat plauts increase the amount of thor regelation bj brancliiug, 
that b, b; producing lateral shoota. 

46. Roots bi'ancb rrom an; part and nsnallj wilkout defiuil« order. 
Stems normally give rise to braucbes onl; at de&uile poluts, namely, at tlie 
nodes, and there oalj from the axils of leaves. 

47. Buds (Fig. 72, 73). Everj incipient shoot is a Bod (18). A 
stem continues its growth bj its (ermiiuit bud; it branches bj the forma- 
tion and development of lateral badt. As normal lateral buds occupy the 
axils of leaves, the; are called axillary Audi. As leaves are sjmmetricallj 
arranged on the stem, the buds in their tfiils and tbe branches into irbich 
axillar; buds grow partake of this sjmmetij. 
The must conspicuous buds are (he scaly witiler- 
buds of moat shrubs and trees of temperate and 
cold climates; but tbe name belongs as veil to 
tlie forming shoot or branch of any herb. 

48. The Terminal Bud, in the most gtueral 
sense, may be said tu exist in the embryo, — aa 
cotyledons, or the cotyledons and plumule, — and 
to crown each successive growth of the simple 
stem so long as tlie summit is capable of gronth. 
The whole ascending growth of the Palm, Cy- 
cas, aud the like (such aa in Fig. 71) is from 
a terminal bud. Branches, being repelitioiia of 
the main stem and growing in the aame way, 
are also lengthened by tern:iual buds. Those of 
Horae-cliestuut, Hickory, Maples, and such trees, 
being the resting buds of winter, are cooapicu- 
0U3 by their protective covering of scales. 
These bud-scales, as will hereafter be shown, 
are themselves a kind of leavea. 

49. Ajdllary Buds were formed on these 
annual shoots early in the snmmei". Occasion- 
ally Ihey grow the same aeasou into branches ; at least, some of tliem are 
pretry sure to do so whenever the growing terminal bud at tbe end of the 
shoot is injured or destroyed. Otherwise they may lie dormant until the 
following spring. In many trees or shrubs these axillary buds do not 
show themselves until spring ; but if searched for, tbey may be detected, 
though of small size, hidden under the bark. Sometimes, although early 

Flo. 72. Shoot of Horse-chestnut, o( one year's growth, taken In autumn after the 
leaves have fallen ; showing the large terminal bud and smaller axillary buds- 
Flo. 73. Smilar shoot of Shagbark Hickory, Carya alba. 
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formed, they are concealed all Bnmmer long tinder the base of tlie leaf-stalk, 
wbich is then hollowed out into a sort of iuverted cup, like a candle- 
extinguisher, to cover them ; as in the Locust, the Yellow-wood, or more 
itrikinglj iu the Button-wood or Plane-tree (Fig. 74). 



BO. The Uaf-iaan, so conapicuoua in Fig. 72, 73, under each aiilUrj 
bud, mark the pUce where the stalk of the aubtendiiig leaf vos attached 
until it fell iu autumn. 

51. Scaly Buds, which are well represenfed in Fig. 72, 73, commonly 
belong to trees and shrubs of countries in which growth is suspended dur- 
ing winter. The scalj coverings protect the tender jouug parts beneath, 
not so DiQoh bj keeping out the cold, which of course would penetrate the 
bud in time, as by shielding the interior from the effects of sudden changes. 
There are all gradations between these and 

63. Naked Buds, in which these scales are inconspicuous or wanting, 
as iu most herbs, at least above ground, and most tropical trees and shrubs. 
But nearl; related plante'of the same climate may differ widely in this re- 
spect. Rliododendrons have strong and scaly winter-bads ; while in Kalmia 
they are naked. One species of Viburnum, the Hobble-bash, has com- 
pletely naked buds, what would be a pair of scales developing into the first 
leaves in spring ; while anotlier (the Snowball) has conspicuous scaly buds. 

53. Vigor of Vegetation trom strong buds. Lai^e and strong buds, 
like those of the Horse-chestnut, Hickory, and the like, contain several 
Jeaves, or pairs of leaves, ready formed, folded and packed away in small 
compass, just as the seed-leases of a strong embryo are packed away in the 
seed ; they may even contain all the blossoms of the ensuing season, plainly 
visible as small buds. And the stems upon which these buds rest are filled 
vith abundant nourishment, which was deposited the summer before in the 

imdor the hollowed base of the leaTstalk. 
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wood or in the bark. Under the surface of the soil, or on it eoyered with 
the fallen leaves of autumn, similar strong buds of our perennial herbs maj 
be found; while beneath are thick roots, rootstocks, or tubers, charged 
with a great store of nourishment for their use. This explains how it is that 
Tegetation from such buds shoots forth so vigorously in the spring of the 
year, and clothes the bare and lately frozen surface of the soil, as well as 
the naked boughs of trees, very promptly with a covering of fresh green, 
and often with brilliant blossoms. Everything was prepared, and even 
formed, beforehand: tbe short joints of stem in the bud have only to 
lengthen, and to separate the leaves from each other so that they may un- 
fold and grow. Only a small part of the vegetation of the season comes 
directly from the seed, and none of the earliest vernal vegetation. This is 
all from buds which have lived through the winter. 

54. The Arrangement of Branches, being that of axilkry buds, answers 
to that of the leaves. Now leaves principally are either opposite or alterxats. 
Leaves are opposite when there are two from tbe same joint of stem, as in 
Maples (Fig. 20), the two being on opposite sides of the stem ; and so the 
axillary buds and branches are opposite, as in Fig. 75. Leaves are alter- 
nate when there is only one from each joint of stem, as in the Oak, Lime- 
tree, Poplar, Button-wood (Fig. 74), Morning-Glory (Fig. 45, — not 
counting the seed-leaves, which of course are opposite, there being a pair 
of them) ; also in Indian Com (Fig. 70), and Iris (Fig. 59). Consequently 
the axillary buds are also alternate, as in Hickory (Fig. 73) ; and the 
branches they form alternate, — making a different kind of spray from the 
other mode, one branch shooting on one side of tbe stem and the next 
on some other. For in the alternate arrangement no leaf is on the same 
side of the stem as the one next above or next below it. 

55. But the symmetry of branches (unlike that of the leaves) is rarely 
complet-e. This is due to several causes, and most commonly to the 

56. Non-deyelopment of buds. It never happens that all the buds 
grow. If they did, there might be as many branches in any year as there 
were leaves the year before. And of those which do begin to grow, a 
Arge portion perish, sooner or later, for want of nourisiiment, or for want 
of light, or because those which first begin to grow have an advantage, 
which they are apt to keep, taking to themselves the nourishment of the 
stem, and starving the weaker buds. In the Horse-chestnut (Fig. 72), 
Hickory (Fig. 73), Magnolia, and most other trees with large scaly buds, 
the terminal bud is the strongest, and has the advantage in growth ; and 
next in strength are the upper axillary buds : while the former continues 
the shoot of the last year, some of the latter give rise to branches, and 
the rest fail to grow. In the Lilac also (Fig. 75), the uppermost axillary 
buds are stronger than the lower ; but the terminal bud rarely appears at 
all; in its place the uppermost pair of axillary buds grow, and so each 
stem branches every year into two, — makmg a repeatedly two-forked 
ramification, as in Fig. 76, 
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57. LatantBods. AxillBry bada that do not grow at the proper season, 
and eapeciallj those which make no appearance extemallj, maj long remain 
latent, and at length upon a favorable occasion start into growth, so form- 
ing branches apparentlj out of place 
as thej are out of time. The new 
sljoots seen springing directlj oat 
of large sterna maj sometimes orig- 
inate from such lateut buds, which 
have preserved their life for jeara. 
But coDimonl; these arise from 

58. Adrentltions Bods. These 
are buds which certain shrubs and 
trees produoe anywhere on the sur- 
face of the wood, especial!; where 
it has been injured. The; give lise 
to the slender twigs which often 
feather the sides of great branches 
of onr Amerieau Mms. The; some- 
times form on the root, which natu- 
rally is destitute of buds ; they are 
even found upon some leaves ; and 
they are sure to appear on the 
trunks and roots of Willows, Pop- 
lars, and Chestnuts, when these are 
wounded or mutilated. Indeed 
Osier- Willows are pollarded, or out 
^ off, from time to time, by the culti- 

vator, for the purpose of produc- 
ing a crop of slender adventitions twigs, suitable for basket-work- Such 
branches, being altogether irregular, of course interfere with the natoral 
symmetry of the tree. Another cause of 
irregularity, in certain trees and shrubs, 
is the formation of what are called 

59. Accessory or Supemnnierary 
Buds. There are cases where two, three, 
or more buds spring from the aiul of a . 
leaf, instead of the single one which is o] 
dinarily found there. Sometimes they ar 
placed one over the other, as in the Aris- 

tolochia or Pipe-Vine, and in the Tartarean Honeysuckle (Pig. 77) ; also 
in the Hooey-Locust, and in the Walnut and Butternut (Fig. 78), where 

Fia. 75, Shoot of Lilac, with winter buda ; tho two upparmoat aiillsry on«a 
strong; tlia tenninal not developnd. 76. Forking ramiflcation of Lilac; reduced 

Fid. 77. Tartarean Honeysuckle, witli three accessory bads in each aziL 
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&e upper superanmerarj bud is a good way out of Uie aiil and above ttia 

others. And tiiia is here stronger tlian the othen, and grows into a 

branch which is considerably out oE the aiil, while the lower and smaller 

onea ooDimon); do not grow at all. In other cases 

tbree buds stand side b; side in tlis axil, as in tbe 

Hawtbom, and the Bed Maple (Fig. 79.) If these 

were all to grow into braucliea, they would stifle each 

other. £ut some of ibem are commonlj flower-buds ; 

in tbe Bed Maple, onlj tbe middle one a a leaf-bud, 

and it does not grow until after those on each side of 

it have expanded the blossoms tbej contain. 

60. Sorts of Buds. It may be useful to ennmerata 
tbe kinds of buds which have been described or men- 
tioned. Tbey are 

Termnal, when they oocnpy thn enmimt of (or ter- 
minate) a stem. 

Lateral, when tbey are borne on the side of a stem ; 
of wliich the regubir kind is tbe 

Axillary, situatrji in the axil of a leaf. These are 

Aeeestory or Svpemtimerary, when they are in 
addition to tbe normal soUtaiy budj and tbese are 
Collateral, when side by side; Sxperpoted, wbcn one 
above another; 

Ktlra-asillary, wben tbey appear above the axil, aa 
some do when superposed, and as occasionally is tbe 
ease when single. 

Naked buda ; those which have no protecting scales. 

Sealj^ budi ; those whicL have protecting scales, yg 79 

vhicb arc altered leares or bases of leaves. 

Leaf-budt, contain or give rise to leaves, and develop into a leafy shoot. 

Flomer-budt, Contain or consist of blossoms, and no leaves. 

Mixed bade, contain both leaves and blossoms. 

61. DeSnito fumoal Growth from wbter buds is marked in moat of 
the shoots from strong buds, such as those of the Horse-chestnut and 
Hickory (Fig. 72, 73). Such a bud generally contains, already formed in 
miniature, all or a great part of the leaves and joints of stem it is to pro- 
duce, makes its whole growth in length in the course of a few weeks, or 
sometimes even in a few days, and then forms and ripens its buda for the 
next year's similar growth. 

63. Indefinite annnal Orowtli, on tbe other hand, is well marked in 
ench trees or shrubs as the Honey-Locnst, Sumac, and in sterile shoots of 

Fro. 78. Butternut hranch, with accessory buds, the uppermost above tha axil. 

Fio. 79. Red-Maplo branch, with accessory buds placed Eide by aide. The an- 
nular lines toward the base in this and in Fig. 72 are scars of the bud-acoles, and 
indicate tha place of the winter-bud of the pitceding year. 
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llie Rose, Blackberry, and Raspberry. That is, these alioota are apt to 
grow all SQmmer loog, ontil stopped b; the frosts of autama or some other 
canse. CoaaequeHtlj they form aud ripen no tenaiual bud protected hy 
scales, and the upper axillary buds are produced so late in the season that 
they have no time to mature, norbns their vood time to solidify and ripen. 
Such stems therefore commonly die hack from the top in winter, or at 
least alt their upper buds are small and feeble ; so the growth of the snc- 
ccedin^ year takes pbce mainly from Ibe lower aiilkry buds, which are 
more mature. 

63. Deliquescent and Ezmurent Qrowtli. In the former case, and 
wherever ax.il]ary buds take the lead, there is, of course, no single main 
atem, contiuucd year after year in a direct line, but the trunk is soon loot 



in the branches. Trees so formed commonly have rounded or spreading 
tops. Of such trees vMt deligaesirnil stems, — tliat is, with the trunlc 
dissolved, as it were, into the successively divided branches, — the common 
American Elm (Fig. 80) is a good illustration. 

64. On tlie other hand, tlie mnin stem of Firs and Spmces, unless de- 
stroyed by some injury, is carried on in a direct line tbrougliout the whole 
growth of the tree, hj the development year after year of a terminal bud : 
this forms a single, uninterrupted shaft, — an exeurrent trunk, which can- 
not be confounded with the liranclies that proceed from it. Of such spiry 
or spire-shaped trees, the Pirs or Spruces are characteristic and familiar 
examples There are all gradations between the two modes. 

FiQ. SO. An Americaa Elm, wil^ Spruce-trees, and on the left Arbor Vitas. 
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Section V. BOOTS. 



65. It is ft propert; of atems to produce roots. Steins do not spring 
from roots in ordinary cues, u is geueraltj thought, but roots from stems. 
When perennial herbs arise from the ground, as tbej do at spring-time, 
thej rise from subterranean stems. 

66. The Primary Root is a downward ^wtb from the root-end of 
the caulicle, that is, of tbe initial stem of the embrjo (Fig. 5-7, 81). If 
it goes OD to grow it makes a main or tap-root, as in Fig. 37, etc. Some 
plants keep this main rout tbroughout 
their whole life, and send off only 
small side branches ; as in the Carrot 
and Radish : and in various trees, like I 
the Oak, it takes the lead of ibe 
aide-branches for several jears, unless 
accidentallj injured, as a strong tap- 
root. But commonly tbe main root 
divides off very soon, and is lost in tbe 
brAucbea. Multiple priaary rools now 
and then occur, as in the seedling of 
Pumpkin (Fig. 37), where a cluster 
ia formed even at tlie first, from tbe 
root-end of the caubcle. 

67. Seoondaiy Roots are those 
which arise from other parts of the 
stem. Any part of the stem may 
produce them, but they most readily coi 
rule they naturally spring, or may be u 
young stem, when placed m favorable circumstances, — that is, when 
placed in tbe soil, or otherwise supplied with moisture and screened from 
the light. For tbe special tendency of tbe rtiut is to avoid ibe light, seek 
moisture, and therefore to bury itself in the soil. Propagation by divition, 
which is so common and so very important in cultivation, depends npon 
tbe proclivity of stems to strike root. Stems or branches which remain 
under ground give out roots as freely as roots tbcmaelves give off brancbea. 
Stems which creep on the ground most commonly root at the joints; so 
will most branches when bent to the ground, as in propt^tion by layer- 
ing; and propagation by cultiugt equally depends upon tbe tendency of the 
cut end of a shoot to produce roots. Thus, a piece of a plant which has 
stem and leaves, either developed or in the bud, may be made to produce 
roots, and so become an independent plant. 




e from the nodes, 
nade to spring, from almost any 



FlO.Sl. Seeilling Map 
here lai^ enough to be 
tied, the root seen just a 



in by the nakal eye. S2. Lower end of this root,mBgnt- 
oot-haira are beginning to form a little behind the tip. 
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. Contrast between Stem and Root Stems are ascendiug axes ; 
g axes. Stems grow bj the successive development of 
interiiodes (1^), one after another, each leaf-bearing 
its sumoiit (or node) ; bo that it is of the essen- 
il nati^re of a stem to bear leaves. Boots bear uo 
I leaves, are not distiiiguis liable into nodea and inter- 
nodes, but grow on coutinuouslj from the towei 
end. Thej eomnioulj biauch freely, but not from 
any fixed points nor in definite order 

69. Although roots 
generally do not give 
rise to stems, and tbere- 
fore do not propagute 
the plaut, exceptions 







For 8 



stems may produce ad- 
ventitious buds, so also 
may roots. The roots of 
the Sweet Potato anioDg 
herbs, and of the Osage 
Orange among trees 
freely produce odveuti. 
tious buds, developiog 
into leafy shoots ; and 
so these plants are 
propagated by root-eat' 
H 8C (ingi. Butiuostgrowtlis 

of subt«n:anean origin 
which pasa for rools are forms of stems, the common Potato for example. 

70. Roots of ordinary kinds and uses may be roughly classed into^^row* 
and Jlesh^. 

71. Fibrous Roots, sneh as those of Indian Com (Fig. 70), of most 
annuals, and of many perennials, serve only for absorption ; these are 
slender or thread-like. Fine roots of this kind, and the fine branches which 
most roots send out are called Rootlets. 

72. Tlie whole surface of a root ahaorbs moisture from tlie soil while fresb 
and new ; and the newer rools and rootlets are, the more freely do tliej im- 
bibe. Accordingly, as long as the plant grows above ground, and expands 
fresh foliage, from which moisture largely escapes icto the air, so long it 
eontiaues to extend and multiply its roots in the soil beneath, renewijig and 
increasing the fresh surface for absorbing moisture, in proportion to the 
demand from above. And when growth ceases above ground, and the 
leaves die and fall, or no longer act, then the roots generally stop growing, 

FlQ. 83-8fi. Fonns of tap-rooL 
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and their soft and tender tips harden. From iLis period, therefore, uutil 
growth begioa anew the ueit spring, is titc best time fur Irausplautiug ; 
especiaJI; for trees and shrubs. 

Ti. The absorbing surface of ;otmg roots is much Ukcreascd b; the for- 
mation, near their tips, of Root-haibs (Fig. 81, 82), which are delicate 



tubular outgrowths from tlie surface, through the delicate walls of which 
moisture is promptl; imbibed. 

74. Fleshy Roots are those in which the root becomes a storeboose of 
uoarishmeut. Typical roots of this kind are those of such bieaaials as the 
turnip and carrot ; in which the food created iu the first season's vege- 
tation is accumulated, to be expended the nest season in a vigorous growth 
and a rapid development of flowers, fruit, and seed. Bj the time the seed 
is matured the exliansted root dies, and with it the whole plant. 

75. Flealij roots may be single or multiple. The single root of the 
commoner biennials is the primary root, or tap-root, which begins to 
thicken in the seedling. Names are given to its shapes, such as 

Conical, wbeu it thickens most at the crown, or where it joins the stem, 
and tapers reguUrlj downwards to a point, as in the Parsnip and Carrot 
(Fig. 84) J 

Taraip-thapei or napiform, when greatly thickened above, but abruptly 
becoming slender below; as the Turnip (Fig. 83) ; and 

Fio. 86. Sweet-Potato plant forming thioltened roota. Some in the niiddte are 
just beginning to thicken; one at the left haa grown more; one at the right is still 

Fia. 87. Faaciclad foaiform roots of a DaMia : a, a, buds on base of stem- 
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SpiiuUe-iiaped, or Fmi/orm, when thickest in ttie middle and tapering to 
botti ends; &s tlie commun IladisL (il^g. SS). 

76. Tliese eiamples are of primary roots. It will be seen tbat turuipa, 
carrots, and the like, are nut pure root tbroughout ; for the caulicle, from 
the lower end of which tlie root grew, purUdies of the tbickeuiug, perhaps 
also some joints of stecu above : so the bud-bcariug aad growing top is 

77- A fine example of secondary roots (67), some of which remain fibrous 
for absorption, while a few tliickt-n ami store up food for the next season's 
growth, is furnished by the Sweet Potato (Fig. 86). As stated above, 
these are used for propagation by cuttings; for any part will produce ad- 
Tentitious buds aud shoots. The Dahlia produces /ascicled (i. e. clustered) 
fusiform roots of the same kind, at the base of the stem (Fig, 87) : but 
these, like most roots, do not produce adventitious buds. The buds by 
which Daidios are propagated belong to the surviving base of the stem 

78. Anomalous Roots, as they may be called, are those which subserve 
other uses tlinn absorption, food-storing, aud Giiug the plaut to the soil. 

Aerial Rood, i. e. those that strike from stems in tlie open air, are 
common ia moist nud warm 
climates, as in the Mangrove 
which reaches tlie coast of 
Florida, the Banyan, and, less 
strikingly, in some herbace- 
ous plants, such as Sugar 
Cane, and even ia Indian 
Corn. Such iDots teocii the 
ground at lengtii, or tend to 

Aerial Rooilsts are abun- 
dantly produced by many 
climbing plants, such as the 
I»y, Poison Ivy, Trumpet 
Creeper, etc., springing from 
the side of stems, which they 
fasten to tnints of trees, 
walls, or other supports. 
These are nscd by the phint 
for climbiiig, 

7S. Epiphytes, or Air- 
HaHta (Fig. SS), are called by the former name because commonly growing 

FlO. 88. Epiphytes of Florida and Georgia, viz.. Epidendniin conopseum, a 
imall Orchiil, and Tillaiiddia uaneoides, the fio-cslled Long Moss or Black Moss, 
which ia no moss, hut a flowering plant, also T. Teamiata ; on a bough of Live Oak. 
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npon the trunks or limbs of other plants ; b; the latter because, baving no 
couuectiou wjtb tlie soil, tbey must derive their sustenauce from the air 
only. Tliej bave aeria! roots, wbicli do not reach the ground, but are used 
to fix the plant to the surface upon which the plant grows ; thej also take 
a part in absorbing moisture from the air. 

80. ParasiUo Plants, of wbich there ate various kinds, strike tlieir 
roots, or wbat answer to roots, into the tissue of foster plauls, or form at- 
tachments with their surface, so as to pre; upon tbeir juices. Of this sort 
is tbe Mistletoe, the seed of vbicb germiuates on tbe bough wbere it 
falls or is left bj birds ; and the fortubg root peuctrates the bark and en- 
grafts itself into the wood, to which it hecomes united as firmlj as a natural 
branch to its parent stem ; and indeed the parasite lives just as if it were 
a branch of the tree it grows and feeds on. A most common parasitic herb 
is the Dodder ; wbicli abounds iu low grounds in summer, and coils its 
long and slender, leafless, yellowish atema — resembling tangled threads of 
yarn — round and round the stulks of other plants ; wherever they touch 
piercing the bark with minute and very sbort rootlets in the form of 
suckers, whicb draw out the nourishing juices of the phmta laid hold of. 
Olher parasitic plants, like the Beech-drops and Fine-sap, fasten their roots 
under ground upon tbe roots of neighboring plants, and rob them of tbeir 

SI. Some plants are partly parasitic ; while most df their roots act in 
the ordinary way, others make suckers at tlieir tips which grow fast to the 



roots of other plants and rob them of nourishment. Some of oor species of 
Gerardia do this (Fig. 89). 

83. There are phanerogamous plants, like Ttlonotropa or Indian Pipe, 
the roots of which feed mainly on decaying vegetable matter in tbe soil. 
These are Sifgofuytes, and they imitate Mushrooms and other Fongj in 
tbeir mode of life. 

83. Duration of Boots, eto. Iloots are said to be either annual, bien- 
nial, or peremtial. As respects the first and second, these terms may be 
applied either to the root or to the plant. 

84. Annuals, as the name denotes, lire for only one year, generally for 

le attached to and feeding on the root ol 
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only a part of the year. They arc of course herbs ; they spring from the 
seed, blossom, mature their fruit and seed, and then die, root and all. An- 
nuals of our temperate climates with severe winters start from the seed in. 
spring, and perish at or before autumn. Where the winter is a moist and 
growing season and the summer is dry, winter annuals prevail ; their seeds 
germinate under autumn or winter rains, grow more or less during winter, 
blossom, fructify, and perish in the following spring or summer. Annuals 
are fibrous-rooted. 

85. Biennials, of which the Turnip, Beet, and Carrot are familiar ex- 
amples, grow the first season without blossoming, usually thicken their 
roots, laying up in them a stock of nourishment, are quiescent during the 
winter, but shoot vigorously, blossom, and seed the next spring or summer, 
mainly at the expense of the food stored up, and then die completely. 
Annuals and biennials flower only once ; heuce they have been called 
Monocarpie (that is, once-fruiting) plants. 

86. Perennials live and blossom year after year. A perennial herb, in 
a temperate or cooler climate, usually dies down to the grouud at the end 
of the season's growth. But subterranean portions of stem, charged with 
buds, survive to renew the development. Shrubs and trees are of course 
perennial ; even the stems and branches above ground live on and grow 
year after year. 

87. There are all gradations between annuals and biennials, and between 
these and perennials, as also between herbs and shrubs ; and the distinc- 
tion between shrubs and trees is quite arbitrary. There are perennial herbs 
and even shrubs of warm climates which are annuals when raised in a cli- 
mate which has a winter, — being destroyed by frost. The Castor-oil plant 
is an example. There are perennial herbs of which only small portions 
survive, as off-shoots, or, in the Potato, as tubers, etc 
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88. The Stem is the axis of the plant, the part which bears all the 
other organs. Branches are secondary stems, that is, stems growing out of 
stems. The stem at the very beginning produces roots, in most plants a 
single root from the base of the embryo-stem, or caulicle. As this root 
becomes a descending axis, so the stem, which grows in the opposite direc- 
tion is called the ascending axis. Rising out of the soil, the stem bears 
leaves ; and leaf-bearing is the particular characteristic of the stem. But 
there are forms of stems that remain underground, or make a part of their 
growth there. These do not bear leaves, in the common sense ; yet they 
bear rudiments of leaves, or what answers to leaves, although not in the 
form of foliage. The so-called stemless or acaulescent plants are those 
which bear no obvious stem {caulis) above ground, but only flowei^stalks, 
and the like. 
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89. Stems above ground, through dlffereaces in durai yc, texture, and 
size, form herbs, shrubs, trees, etc., or in otber terms are 

Herbaceous, dying down to the ground every year, or after blossoming. 

Suffruteicentt slightly woody below, there surviving from year to year. 

Suffruticose or Frutesceni, when low stems are decidedly woody below, 
but herbaceous above. 

Fmticose or Shrubby, woody, living from year to year, and of considerable 
size, — not, however, more than three or four times the height of a num. 

Arborescent, when tree-like in appearance or mode of growth, or ap* 
proaching a tree in size. 

Arboreous, when forming a proper tree-trunk. 

90. As to direction taken in growing, stems may, instead of growing 
upright or erects be 

Diffuse, that is, loosely spreading in all directions. 
Declined, when turned or bending over to one side. 
Decumbent, reclining on the ground, as if too weak to stand. 
Assurgent or Ascending, rising obliquely upwards. 
Procumbent or Prostrate, lying flat on the ground from the first. 
Creeping or Repent, prostrate on or just beneath the ground, and striking 
root, as does the White Clover, the Partridge-berry, etc. 

Climbing or Scandent, ascending by clinging to other objects for support, 
whether by tendrils, as do the Pea, Grape- Vine, and Passion-flower and 
Virginia Creeper (Fig. 92, 93) ; by their twisting leaf-stalks, as the Virgin's 
Bower; or by rootlets, like the Ivy, Poison Ivy, and Trumpet Creeper. 

Twining or Voluble, when coiling spirally around other stems or 
supports; like the Morning-Glory (Eig. 90) and the Hop. 

91. Certain kinds 
of stems or branches, 
appropriated to spe- 
cial uses, have re- 
ceived distinct substantive names ; such as the following : 

92. A Culm, or straw-stem, such as that of Grasses 
and Sedges. 

93. A Caudex is the old name for such a peculiar 
trunk as a Palm-stem ; it is also used for an upright and 
thick roots tock. 

94. A Sucker is a branch rising from stems under 
ground. Such are produced abundantly by the Rose, 
Raspberry, and other plants said to multiply "by the 
root." If we uncover them, we see at once the great 
difference between these subterranean branches and real 

flO roots. They are only creeping branches under ground. 

Remarking how the upright shoots from these branches become separate 

Fig. 90. Twining or voluble stem of Morning-Glory. 
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plADts, simplj bj tbe d^ing off of the conoecttng nnder-ground stems, the 
gardener expedites the result by cutting them througli with his spade. 
Tbat is, he propagates the plant " b; division." 

95. A Stolon is a branch from above ground, wbich reclines or becomes 
prostrate and strikes root (usuallj from the nodes) wherever it rests on the 
soil. Thence it ma; send up & vigorous shoot, which has roots of its own, 
sud becomes sn iodependent pliuit wheu the connecting part dies, as it 
does after a while. The Curraat and the Gooseberry naturally multiply in 
this way, as well as by suckers (which are the same thing, only the connect' 
iug part is concealed under ground). Stolons mnst have su^ested the 
operation of layering bj bending down and covering with soil branches 
wbich do not uaturally make stolons ; and after they have taken root, as 
they almoat always will, the gardener cuts through the connecting stem, 
and so conrerls a rooting branch into a separate phtnt. 

96. An Offset is a short stolon, or sucker, with a crown of leaves at the 
end, as iu tlie Houseleek (Fig. 

91), which propagates abundantly 
in this way. 

97. A Rmmer, of which the 
Strawberry presents the most fa- 
miliar and characteristic example, 
is a long oud slender, tendrjl-like 
stolon, or branch from next the 
ground, destitute of conspicuous 
leaves. Each runner of the Straw- 
berry, after having grown to its full 

length, strikes root from the tip, which fixes it to the ground, then forma 
a bud there, which develops into a tuft of leaves, and ao gives rise to a new 
plant, whicli sends out new runners to act in the same way. In this 
manner a single Strawberry plant will spread over a large space, or produce 
a great number of plants, in the course of the summer, all connected at 
Srst by the slender niniiers; but these die in the following winter, if not 
before, and leave the plants as so many separate individuals. 

9S> Tendrils are branches of a very sleiidersort,likeniiuiers, not destined 
like them for propagation, and therefore always destitute of huds or leaves, 
being intended only for climbing. Simple tendrils are such as those of 
Passion-flowers (I'ig. 93). Compound or branching tendrils are borne by 
the Cucumber and Pumpkin, by the Grape- Vine, Virginia Creeper, etc. 

99. A tendril commonly grows straight and outstretehed until it reaches 
some neighboring support, such as a stem, when its apex liooks around it 
to secure a bold ; then the whole tendril shortens itself by coiling up 
spirally, and so draws tlic shoot of the growing plant nearer to the sup- 
porting object. But the tendrils of the Virginia Creeper (Ampelopsis, Fig. 

Fia. 91. Houaeleek (Sempsrviram), with oSsetB 
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93), as also the shorter ones of the Jap&Deae species, effect the object differ- 
ently, namel]', b; eipandiDg the tips of the teodrils into a flat disk, with 
an adhesive face. This ia applied to the aupporting object, and it adheres 
jf — > firmly; then a 
^^,/-r sbortening of 

""^ tbe tendril aod 

its branches bj coiling brings up the growing 
shoot close to tbe support. Thb is an adapta- 
tion for climbing mural rocks or walls, or the 
tniaks of trees, to which ordinary tendrils are 
iiDable to cliog. The Ivy and Poison Try attain 
the same result by means of aerial rootlets (78). 

100. Sorae tendrils are leaves or parte of 
leaves, as those of the Pea (Fig, 35). Tbe na- 
ture of the tendril is Vnown by its position. A 
tendril from tbe axil of a leaf, like that of Fas- 
sioD-flowera (Fig. 93) is of course a stem, !. e. 
a branch. So is one which terminates a stem, 
as in the Grape-Vine. 

101. Spines or Thorns (Fig. 95, 96) are 
commonly stunted and hardened branches 
or tips of stetns or branches, as are those of 
Hawtiiorn, Honey-Locust, etc. In the Pear 
and Sloe all gradations occur between spines 
and spine-like (spinesceut) branches. Spinel 



uay be reduced and indurated leaves; as in the Barberry, where theii 
nature is revealed by their situation, underneath an axillary bud. But 

FlO. 62. A amall Pasnion-flowBr {Piasifiora sicyoidea). showing the tendrilg. 

FlO. 93. Piece or the atem of VirgiDia Creeper, bearin); a leaf and a tcndiil. 
94. Tips of > tendril, about the natural size, shoiciiig tha disks by which they bold 
fast to walk, etc. 
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prickles, such as those of Blackberry and Roses, are only excrescences 
of the bark, and not branches. 

102. Equally strange forms of 
stems are characteristic of the 
Cactus family (Fig. 111). These 
may be better understood by com- 
parison with 

103. Snbterranean Stems 
and Branches. These are very 
numerous and various ; but they 
are commonly overlooked, or else 
are confounded with roots. From 
their situation they are out of or- 
dinary sight ; but they will well 
repay examination. For the veg- 
etation that is carried on under 
ground is hardly less varied or 
important than that above ground. 
All their forms may be referred to 
four principal kinds : namely, the 
Rhizotna {Rhizome) or Rootstock, 
the Tuber, the Corm or solid bulb, 
and the true Bulb. 

10*. TlieRootstock.orRhi- 
zoma, in its simplest form, is 
merely » creeping stem or branch 
growing beneath the surface of the soil, or partly covered by it. Of 
this kind are the so-called creeping, running, or scaly roots, such as those 





by which the Mint (Fig. 97), the Couch-grass, or Quick-grass, and many 
other plants, spread so rapidly and widely, — " by the root," as it is said. 
That these are really stems, and not roots, is evident from the way in which 



Fio. 95. A branching thorn of Honey Locust, being an iudarated leafless branch 
developed from an accessory bud far above the axil : at the cut portion below, three 
other buds (a) are concealed under the petiole. 

Fio. 96. Spine of Cockspur Thorn, developed from an axillary bud, as the leaf- 
scar below witnesses : an accessory leaf-bud is seen at its base. 

Fio. 97. Rootstocks, or creeping subterranean branches, of the Peppermint. 
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they grow ; from tlieir consisting of a succession of joints ; and from the 
{eaves which they bear on each node, in the form of small scales, just like 
the lowest ones on the upright stem next the ground. They also pro- 
duce buds in the axils of these scales, showing the scales to be leaves ; 
whereas real roots bear neither leaves nor axillary buds. Placed as 
they are in the damp and dark soil, such stems naturaUy produce roots, 
just as the creeping stem does where it lies on the surface of the 
ground. 

105. It is easy to see why plants with these running rootstocks take 
sucii rapid and wide possession of the soil, and why they are so hard to 
get rid of. They are always perennials ; the subterranean shoots live over 
the first winter, if not longer, and are provided with vigorous buds at every 
joint. Some of these buds grow in spring into upright stems, bearing 
foliage, to elaborate nourishment, and at length produce blossoms for r& 
production by seed ; while many others, fed by nour- 
ishment supplied from above, form a new generation 
of subterranean shoots ; and this is repeated over and 
over in the coui-se of the season or in succeeding 
years. Meanwhile, as the subterranean shoots in- 
crease ia number, the older ones, connecting the suc- 
cessive growths, die off year by year, liberating the 
already rooted side-branches as so many separate plants ; and so on indefi- 
nitely. Cutting these running rootstocks into pieces, therefore, by the hoe 
or the plough, far from destroying the plant, only accelerates the propaga- 
tion ; it converts one many-branched plant into a great number of separate 
individuals. Cutting into pieces only multiplies the pest ; for each piece 
(Fig. 98) is already a plantlet, with its roots and with a bud in the axil of 
its scale-like leaf (either latent or apparent), and with prepared nourishment 
enough to develop this bud into a leafy stem ; and so a single plant is all the 
more speedily converted into a multitude. Whereas, when the subterra- 
nean pai*ts are only roots, cutting away the stem completely destroys 
the plant, except in the rather rare cases where the root freely produces 
adventitious buds. 

106. Rootstocks are more commonly thickened by the storing up of 
considerable nourishing matter in their tissue. The common species of 
Iris (Fig. 164) in the gardens have stout rootstocks, which are only partly 
covered by the soil, and which bear foliage-leaves instead of mere scales, 
closely covering the upper part, while the lower produces roots. As the 
leaves die, year by year, and decay, a scar left in the form of a ring marks 
the place where each leaf was attached, that is, marks so many nodes, 
separated by very short internodes. 

107. Some rootstocks are marked with large round scars of a different 

Pig. 98. A piece of the running rootstock of the Peppermint, with its node oi 
joint, and an axillary bud ready to grow. 
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sort, like those of the Solomon's Sea) (Fig. 99), wliicb gave this name to 
the plant, from tbeir looLing somewlutt like the impressioa of a seal upon 
wax. Here the 
rootstock seuds up 
everj spring an 
I herbaceous stalk or 
steal, which bears 
the foliage and 
flowers, and dies 
in autumn. The 
teal a the circuUr 
icar left bj tlie death and separation of tlie base of the stout stalk from the 
living rootstock. A> but one of these is formed each jear, the; mark 
the limits of a year's growth. The bud at tlie end of the rootslock in the 
figure (which was taken iu summer) will grow the next sprbg into the 
■talk of tlie season, which, dying in autumn, will 
leave a similar scar, while aoolher hud will be formed 
farther on, cmwning the ever-advancing anniniit or 
growing end '>f the stem. 

108. An each year's growth of stem makes its 
own roots, it soon becomes independent of the older 
parti. And affer a certain age. a portion annually 
dies off behind, about as fast as it increases at the 
growing cud, death following life with equal and cer- 
tain step, with only a narrow lulerval. In vigorous 
plants of Solomon's Seal or Iris, the living rootstock 
is several inches or a foot iu length ; while in the 
short rootstock of Trillium or Birthroot (Fig. 100) 
life is reduced to a narrower span. 

109. An upr^lit or short rootstock, like this of Trillium, is commonly 
called a Ca.udex (93) ; or when more shortened and thickened it would 
become a corm. 

110. A Tnber may be understood to be a portion of a rootstock thick- 
ened, and with buds (eyes) on the sides. Of course, there are all grada- 
tions between a tuber and a rootstock. Helianthus tuberosus, the so«alled 
Jerusalem Artichoke (Fig. 101), and the common Potato, are typical and 
familiar examples of the tuber. The stalks by which the tubers are at- 
tached to the parent stem are at once seen to be different from the roots, 
both in appearance and manner of growth. The scales on the tubers are the 
rudiments of leaves ; the eyes are the buds in their axils. The Potato-plaut 

Fro. W. Rootstock of SoIomOD'a Seal, with the liottom of the atolk of the sea- 
Min, ana the bad for the next gear's growth. 

Fio. 100. The ver; short rootstock and strong terminal bud of a TrilUam or 
Bh4hrooti 
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haa three forms of branches : 1. ThoM that bemr oidiiiai? letrea expuided 
in tlie air, to digest vLat thej gather from it and what the roots gather 
from the soil, and coDrert it into nourishment. S. After a while a second 
set of branches at the summit of the plant bear flowers, which form fruit 
aiid seed" out of a portion of the nour- 
ishment which the 
pared. 3. But a 
nourish meat, wlule 
is carried down the 
sort of branches u. 
Bccnmulsled in the 
their extreniilies, 
whicli become tu- 
bers, or deposito- 
ries of prepared 
solid food, — jost 
as ia the Turnip, 
Carrot, and Dah- 
lia (Fig. 83-37), 

it is deposited in •"• 

the root. The use of the store of food is obvious enough. In the autumn 
the whole plant dies, eicept the seeds (if it formed them) and the tubers ; 
and the latter are left disconnected in the ground. Just as that small 
portion of nourishing matter which is deposited in the seed feeds the 
embryo when it germinates, so the much lai^er portion deposited in the 
tuber nourishes its buds, or ejes, when the; hkewise grow, the next 
spring, into new plants. And the great supply enables them to shoot 
Tith a greater vigor at the beginning, and to produce a greater amount 
of Tcgetalion than the seedling plant could do in the same space of time ; 
which vegetation in turn ma; prepare and store up, in the course of a 
few weeks or months, the Urgest quantit; of solid nourishing material, 
in a form most available for food. Taking advantage of this, man has 
transported the Potato from the cool Andes of Chih to other cool climates, 
and makes it yield him a copious supply of food, especially important in 
countries where tiie season is too short, or the summer's heat too little, for 
profitably cultivating the principal grain-plants. 

111. The Conn or SoUd Bulb, like that of Cyclamen (Fig. 103), and 
of Indian Turnip (Fig. lOi), is a very short and thick fleshy subterranean 
stem, often broader tlian high. It sends off roots from its lower end, or rather 
face, leaves and stalks from its upper. The corm of Cyclamen goes on to 
enlarge and to produce a succession of flowers and leaves year after year. 

Fra. 101. Tubers of Helianthos tuberoaus, called "articholtea." 
Pis. 102. Bulblet-like tubers, such as are occasiooallj formed on the atem of s 
Potatti-plant abovf ground. 
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Thit of Indian Tarnip is fonned one jear and is coiuunied the next. Fi^. 
104 represeota it iu earlj summer, hiiTiiig below the conn of last jear, from 
which the roots hate fnUeu. It is partlj consumed by the growth of the 
a for the season, and the 
m of the year is' formiiig 
at base of iha stem abore 
^ the line of roots. 

112. The corm of Crocus 
(Fig. 105, 106), like tliat 
of its relative Gladiolus, is 
also reprtiduced anuuall;, 
"" "" the new ones forming upon 

the summit and sides of the old. Such a eofm is like a tnber in bud- 
ding from the sides, i. e. from Die axils of leaves ; but these leaves, instead 
of being small scales, are the sheathing hoses of fo- 
liage-leaves wbich cohered the surfHce, It resem- 
bles a true bulb ii> having these sheaths or broad 
scales ; but in the corm or solid bulb, this solid part 
or slem makes up the principal bulk. 

113. The Bulb, stricti; so-called, is a stem like 
a reduced corm as to its solid part (or plate) ; 
while I he main body consists of thickened scales, 

which are leaves or leaf-heses. These are like bud- ]og 

scales; so that in fact a bulb is a bud witli fleshy 

scales oc an exceedingly short stem. Compare a '^ 

Wliite Lily bulb (Fig. 107) with the strong scaly / I 1^ 

buds of the Hickory and Horse-chestnut (Fig. 73 /" ' / ^\ 

and 73), and the reserablauce will appear. ^- '- 

corms, as in tubers and rootstocks, the store of 

food for future growth is deposited in the stem; 

while in the bulb, the greater part is deposited in 

the bases of the leaves, changing them into thick .•. 

scales, wbich closely overlap or enclose one another. 

114. A Scaly Bulb (like that of the Lily, Fig. 107, 108) is one in which 
the scales are thick but comparatively narrow. 

115. A Tmiicated or Coated Bulb is one in whiob the scales enwrap 
each other, forming concentric coata or layers, as in Hyacinth and Onion. 

Fio. 103. Corm of Cyelamen, much reduced in aiie : root» from lower face, leaf- 
stalka and flower- stallte from the upper, 

Fio. 104. Corm of Indian Turnip {Arissima). 

Fio. 105. Corm of a Crocne, the investing sheaths or dead leaf-bases stripped 
off. The faint cross-lines represent the scars, where the leaves were attached, i. e. 
the nodes : the spaces between arc the intcrnodes. The exhansted corm of the 
prevloiu year is underneath ; forming ones for next year on the Enmmit and aides. 

Fio. 106. Section of tbe same. 
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116. Bolblets are very small bulbs growing out of larger ones ; or 
amall bnlbs produced above grouud oa some plants, as in the axils of the 
leaves of tbe bulbiferous Lilies of tbe gardens (Fig. 110), and often iu the 
fiower-clustera of the Leek aud Onion. The; are plainlj 

buds with thickened scales. Thej never grow into 
branches, but detach themselves when full grown, fall to 
the ground, and take root there to form new plants. 

117. OonsoUdat«d Vegetation. Aa ordinarj herb, 
shrub, or tree ia evideuilj constructed on the plan 
developing an extensive surface. Iu flcshj rootstocks, 




tubers, conns, and bulbs, the more enduring portion of tbe plant is con- 
centrated, and reduced for the time of struggle (as against drought, heat, 
or cold) to a small amount of 
exposed surface, and this mostly 
sheltered in the soil. There are 
manj similar consolidated forms 
which are not subterranean. 
Thus plants like tbe Honseleek 
(Fig. 91) imitate a bulb. Among 
Cactuses the columnar species of 
Cereus (Pig. Ill, 6), may be hk- 
ened to lootstocks. A green rind serves the purpose of foliage i but the 
surface is as nothing compared with an ordinarj leafy plant of the same 
bulk. Compaie, for instance, the largest Cactus known, the Giant Cereus 
of the Gila River (Fig. Ill, in the background), which rises to the height 
of fifty or sixty feet, with a common leafy tree of the same height, such 
as that in Fig. 89, and estimate how vastly greater, even without the foli- 
age, the surface of the latter b than that of the former. Compare, in the 

Flo. 107. Bulb of a nd1<l Lilf. 108. The same divided lengthwise, showing two 
forming buda of the next generation. 

Fid. 109. A gronnd leaf of White Lilj, ita base (cut acHne) thickened into a 
bolb-srale. This plainly gbowa that bulb-scales are leaves. 

Flo. 110. Bolbleta in the uils of leaves of a Tiger Lily. 
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ume view, an Opimtia or FricklyPev Ctctiu, ita ■tern and braDchea 
fonDcd of a succession of thick and flatteoed jointa (Fig. HI, a), wtiicli 
mej be likened to tubers, or an Epiptijllum {d), hariog abort and flat 
joints, with au ordinary leaf; alirub or herb of equal siie. And finaUj, 
in Melon-Cactuses, Echinocactus (c), or other globoae forms (which inaj 
be likened to permanent conns), with their globular or bulb-Uke shapes, 
wc liaTe plants in the compactest sliapc ; their spherical figure being such 
as to expose the least possible amount of substance to the air. These are 
adaptations to climates which are Terj dry, either throughout or for a part 
of the jear. Similarly, bulbous and corm-bearing plants, and the like, are 
examplea of a form of vegetation which in the growing season ma; expand a 
lai^ surface to the air and light, while during the period of rest the living 
vegetable is reduced to a globe, or solid form of the least possible surface; 
and this protected by its outer coats of dead and dry scales, as well as by 
ita situation under ground. Such are also adapted to a season of drooght. 
They largely belong to countries which have a long hot season of little or 
no rain, when, their stalks and foliage above and their roots beneath early 
perishing, the plants rest securely in their compact bulbs, filled with 
nourishment and retaining their moisture witii great tenacity, until the 
rainy season comes round. TJien they shoot forth leaves and flowers with 
wonderful rapidity, and what was perhaps a desert of arid sand beoomea 
green with foliage and gay with blossoms, almost in a day. 
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Section VII. LEAVES, 

118. Stehs bear leavefl, at definite points (nodes, 13) ; and thes^ an 
produced in a great yariety of forms, and subsenre various uses. The 
commonest kind of leaf, which therefore may be taken as the type or 
pattern, is an expanded green body, by means of which the phint exposes 
to the air and light the matters which it imbibes, exhales certain portions, 
and assimilates the residue into vegetable matter for its nourishment and 
growth. 

119. But the fact is already familiar (10-30) that leaves occur under 
other forms and serve for other uses, — for the storage of food already 
assimilated, as in thickened seed-leaves and bulb-scales ; for covering, as in 
bud-scales ; and still other uses are to be pointed out. Indeed, sometimes 
they are of no service to the plant, being reduced to mere scales or rudi- 
ments, such as those on the rootstocks of Peppermint (Fig. 97) or the 
tubers of Jerusalem Artichoke (Fig. 101). These may be said to be of 
service only to the botanist, in expUining to him the plan upon which a 
plant is constructed. 

120. Accordingly, just as a rootstock, or a tuber, or a tendril is a kind 
of stem, so a bud-scale, or a bulb-scale, or a cotyledon, or a petal of a flower^ 
is a kind of leaf. Even in respect to ordinary leaves, it is natural to use 
the word either in a wider or iu a narrower sense ; as when in one sense 
we say that a leaf consists of blade and petiole or leaf-stalk, and in anotlier 
sense say that a leaf is petioled, or that the leaf of Hepatica is three-lobed. 
The connection should make it plain whether by leaf we mean leaf-bhide 
only, or the blade with any other parts it may have. Aud the student will 
readily understand that by leaf in its largest or morphological sense, the 
botanist means the organ which occupies the place of a leaf, whatever be 
its form or its function. 



S 1. LEAVES AS FOLIAGE. 

121. This is tautological; for foliage is simply leaves*, but it is very 
convenient to speak of typical leaves, or those which serve the plant for 
assimilation, as foliage-leaves, or ordinary leaves. Tliese may first be 
considered. 

122. The Parts of a Leaf. The ordinary leaf, complete in its parts, 
consists of blade, foot'stalkt or petiole, and a pair of stipules, 

123. First the Blade or Lamina, which is the essential part of ordinary 
leaves, that is, of such as serve the purpose of foliage. In structure it con- 
sists of a softer part, the green pulp, called parenchyma, which is traversed 
and supported by a fibrous frame, the parts of which are called ribs or veins, 
2R account of a certain likeness in arrangement to the veins of animals. 

4 
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The irhoie surface a coTered bj r transparent skin, tlie E^tdermit, not 

tmlike that which covers the eurfiice of all fresh shoots. 

124. Note that the leaf-hUde eipands horiioutallj, — that ia, nonnall/ 

presents its faces one to the sky, the other to the ^und, or when tlie 

leaf ia erect the npper face looks toward the stem that bears it, the lower 

face awaj from it. WhencTcr this la not the case there is aoniethuig lo be 

explained. 
ISS. The framework consuls of wood, — a fibrous and tough material' 

which mils from tiie stem Uiroagh the leaf-stalk, when there is one, in the 
form oF parallel threads or biuidles of fibres ; 
and in the hlade these spread out in a hari~ 
Eontal direction, to form the ribt and eeint 
at the leaf. The stout main braiiches of 
the framework are called the Ribi. When 
there is ool; one, as in Fig. IIS, 114, or a 
middle one decidedlj Ui^r than the rest, 

I it is called the Midrib. The smaller divi- 

sions are termed Feint; and their still 
smaller subdivbions, Keinlett. The latter 
Bubdiride again and again, nntil thej be- 
come SO fine that thej are invisible to tbe 
naked e;e. The fibres of which thej are 
composed are hollow; forming tubes hy 
which the sap is brought into the leaves 
and carried to every part. 
126, Venation is the name of the mode 
m of veining, that is, of the waj in which the 

veins are distributed in the bUde. This is 

of two piincipal kinds ; namely, the parallel-veined, and the nefted-veined. 

137. In Netted-eeined (also called Retieulated) leaves, the veins bivnch 
off from the main rib or ribs, divide into finer and finer veinlets, and the 
branches unite with each other to form meshes of network. Tliat is, they 
anailonwte, as anatomists say of the veins and arteries of the body. The 
Quince-leaf, in Fig. 113, shows this kind of veining in a leaf with a single 
rib. The Maple, Basswood, Plane or Buttonwood (Fig. 74) show it in 
leaves of several ribs. 

138. In parallel-veined leaves, the whole framework consists of slender 
ribs or veins, which run parallel with each other, or nearly so, from the 
base to the point of the leaf, — not dividing and subdividing, nor forming 
meshes, except by minute cross-veinlets. The leaf of any grass, or that of 
tbe Lilj of the VaUey (Fig. 113) will furnish a good illustration. Such 
parallel veins Linnaeus called Nerves, and parallel-veined leaves are still 
commonly called nerved leaves, while those of the other kind are said to be 

Fia. 112. Leaf of tbe Quince: i, blade; ji, petiole; if, stipalea. 
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veiitei, — terms which it is conveDient to nse, althongh tbese "nerres" 
and " veins " are all Ibe same tbing, and have no likeness to tbe nereti and 
little to the veins of animals. 

1S9. NetUi'teined leaves belong to plants nhicli liave a pair of seed- 
leaves or cotyledons, snch as tlie Maple (Fig. 20, 24,), Beecli (Fig. 33), ud 



the liVe ; wMe paralkl-seined or nenifd leares belong to pluiila with one 
cotjledon or true »eed-leat; such as the Iria (Fig. 59), and Indian Corn 
(Pig. 70). So that a mere glance at the leaves generally tells what the 
stnictare of the eoibrjo is, and refers the plant to one or the other of these 
two grand clashes, — which is a great cooveniciice. For when phitits dllTer 
from each oliier in some one important respect, tbej nsuallj differ corres- 
pondingly in otlier respects also. 

130. Parallel -veined leaves are of two sorts, — one kind, and the coni- 
mouest, having the ribs or nerves all running from the base to the point of 
the leaf, as in the eiamplea already given ; while in another kind thej run 
from a midrib to the nuiT^in, as in the common Pickerel-weed of onr 
ponds, in the Bamna, in Calla (Fig. Ill), and man; similar phints of 
warm climates. 

131. Netted-veincd leaves are also of two sorts, aa in the examples al. 
ready referred to. In one case the veins all rise from a single rib (the 
midrib), as in Pig. 112, llG-127. Such leaves are called Feather-veiaed 
or Penni veined, L e. Finnately -veined ; both terms meaning the same thiug, 
namely, that the veins are arranged on the sides of the rib like the plume 
of a feather on each side of the shaft. 

dned) leaf of the Lily of tha Valle;. 114. One of the 
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132. In the other case (as in Eig. 74, 129-132), the yeins branch off 
from three, JBvei seven, or nine ribs, which spread from the top of the leaf- 
stalk, and run through the blade like the toes of a web-footed bird. Hence 
these are said to be FalmaMy or JHgitately veined, or (since the ribs di- 
verge like rajs from a centre) Eadiate-veined, 

133. Since the general outline of leaves accords with the frame- work or 
skeleton, it is plain thai /eatker-'veined (or penni-veined) leaves will incline 
to elongated shapes, or at least to be longer than broad; while in radiate-^ 
veiled leaves more rounded forms are to be expected. A glance at the 
following figures shows this. 

134. Forms of Leaves as to Gheneral Outline. It is necessary to give 
names to the principal shapes, and to define them rather precisely, since 
they afford easy marks for distinguishing species. The same terms are used 

m 





116 116 117 118 119 120 

for all other flattened parts as well, such as petals ; so that they make up a 
great part of tbe descriptive language of Botany. It will be a good exer- 
cise for young students to look up leaves answering to these names and 
definitions. Beginning with the narrower and proceeding to the broadest 
forms, a leaf is said to be 

Linear (Fig. 115), when narrow, several times longer than wide, and of 
the same breadth throughout. 

Lanceolaie, or Lances/iaped, when conspicuously longer than wide, and 
tapering upwards (Fig. 116), or both upwards and downwards. 

Oblong (Fig. 117), when nearly twice or thrice as long as broad. 

Elliptical (Fig. 118) is oblong with a flowing outline, the two ends alike 
in width. 

Oval is the same as broadly elliptical, or elliptical with the breadth con- 
siderably more than half the length. 

Ovate (Fig. 119), when the outline is like a section of a hen's egg 
lengthwise, tbe broader end downward. 

Orbicular, or Rotund (Fig. 132), circular in outline, or nearly so. 

135. A leaf which tapers toward the base instead of toward the apex 
may be 

Oblanceolate (Fig. 121) when of the lance-shaped form, only more tapering 
toward the base than in the opposite direction. 

Spatulate (Fig. 122) when more rounded above, but tapering thence to a 
narrow base, like an old-fashioned spatula. 



Fig. 115-120. A series of shapes of feather- veined leaves. 
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Obowle (Pig. 
end down. 

Cuneate or Ctmeijhrm, that is, 
Wedge-ikaped (Fig. 124), broad 
above and tapering bj iiearl; 
straight hnes to an acute angle at 
the baae. 

136. As to the Base, its shape 
characterizes sereral forins, sacli as 

Cordate or Heart-ihaped (Fig. "* 
ISO, 139), when a leaf of au orate form, or aomel.bing like it, has the ont- 
tine of its roonded base 
tnrued in (formiug a 
notch or i ihm) where the 
stalk is altached. 

Renifora, or Kidntf- 
tkaped (Fig. 131), like 
the last, onl; rounder and 
broader tUan long. 
Jurieulale, or Earvd, 
\ hariDg a pair of Hmall 
and blunt projections, or 
eart, at the base, 'as in one species of Magnolia (Fig. 136). 

Sagittale, or arrOKsiaped, 
wbere snch ears are acute 
and tomed downwards, 
while the main bod; of the 
blade tapers upnards to a 
point, as in the common 
Sagittaria or Arrow-bead, 
and in tbe Arrow-leaved 
Polygonum {Fig. 135). 
Ha$tate,ox Halberd-ikaped, i 
when such lobes at tbe base 
point outwards, giving tbe I 
abape of the balberd of Ibe 
olden time, as in another 
Polygonum (Fig. 137). 

Peltate, or SMeld-ihaped (Fig, 133), is the name applied to a curious 
modification of tbe leaf, commoul; of a rounded form, wbere the footslolk 
is attached to the lower surface, instead of tbe base, and therefore is natu- 

Fio. 121, obluiceolite ; 122, spatiilate ; 123, obovatc ; and 124, wedgs-ihaped, 
featber-veined, leaves. 
Fro. 125, nagittats ; 12S, auricolate ; aad 127, halberd-shaped or hastate leavea. 
f 10. 128-132. Various forma of ndiate-vefned leaves. 
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rally likened to a shield borne by the outstretched arm. The common 
Watershield, the Nelumbium, and the White Water-lily, and also the Man- 
drake, exhibit this sort of leaf. On comparing the shield-shaped leaf of 
the common Marsh Pennywort (Fig. 132) with that of another common 
species (Fig. 130), it is at once seen that a shield-shaped leaf is like a 
kidney-shaped (Fig. 130, 131) or other rounded leaf, with the mai^ins at 
the base brought together and united. 

137. As to the Apex, the following terms express the principal varia- 
tions : — 

Acuminate, Pointed, or Taper-pointed, when the summit is more or less 
prolonged into a narrowed or tapering point; as in Fig. 133. 

Acute, ending in an acute angle or not prolonged point ; Fig. 134. 

Obtuse, with a blunt or rounded apex ; as in Fig. 135, etc. 

Truncate, with the end as if cut off square ; as in Fig. 136. 

Retuse, with rounded summit slightly indented, forming a very shaUow 

notch, as in Fig. 137. 
Emarginate, or Notched, indented at the end more decidedly; as in 

Fig. 138. 

Obcordate, that is, inversely hearC-shaped, where an obovate leaf is more 
deeply notched at the end (Fig. 139), as in White Clover and Wood-sorrel; 
so as to resemble a cordate leaf inverted. 

Cuspidate, tipped with a sharp and rigid point ; as in Fig. 140. 

Mucronate, abruptly tipped with a small and short point, like a mere 
projection of the midrib ; as in Fig. 141. 

Aristate, Awn-pointed, and Bristle-pointed, are terms used when this 
mucronate point is extended into a longer bristle-form or slender appen- 
dage. 

The first six of these terms can be applied to the lower as well as to the 
upper end of a leaf or other organ. The others belong to the apex only. 




140 141 



138. As to degree and natnre of Division, there is first of all the dif- 
ference between 

Simple Leaves, those in which the blade is of one piece, however much 
it may be cut up, and 

Compound Leaves, those in which the blade consists of two or more sep- 
arate pieces, upon a common leaf-stalk or support. Yet between these two 
kinds every intermediate gradation is to be met with. 

139. As to Particular Outlines of Simple Leaves (and the same 
applies to their separate parts), they are 



Fig. 133-141. Forms of the apex of leaves. 
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Ealire, when their ^nenl oaUiiie ia completelj filled out, to that Uu 
margiu is an even line, without teetb or uotchea. 

SerraCe, or Sate-tooiAed, when the margia only is cut ioto iharp teeth, 
like those of a saw, and poiutiiig fonraida ; as in Fig. 142. 

DeMiaie,oiToolAed, 
w hen such teeth point 
outwards, instead of 
forwards ; as in Fig. 
143. 

Ore*ate, or Scal- 
loped, when the teeth \ 
are broad and round- 1 
ed; as in Fig. 144. \ 

Bepand, Undulate, \ 
or Watf, when the V 
mat^in of the leaf ^ 
fortns a wavy line, 
bending slightlj in- 
wards and outwards in succession ; as in Fig> 145. 

Sinuate, wlien the ouu^n is mote strongly sinuoos or tuned inwards 
and oatwards ; aa in Fig. 146. 

Ineised, Cat, or Jagged, when the margiu is cut into sharp, deep, and 
irregular teeth or incisions; as In Fig. 147- 

Loied, when deeply cut. Then the pieces are in a general way called 
Lobes. The numher of the lobes is hriedy expressed by the phrase lieo- 
loied, (hree-lobed,^iie-lobed, tuaxg-lobed, etc., as the case may be. 

140. When the depth and clmracter of tlio lobiog needs to be more par- 
ticularly speciiicd, the following krtns are employed, vix. ; — 

Lobed, in a special sense, when the incisions do not eilend deeper than 
about half-way belveen the margin and the centre of the blade, if so far, 
and are mote or leas rounded ; as in the leaves of the Post-Oak, Fig. 14S, 
and the Hepatica, Fig. 152. 

Cleft, when the incisions extend half way down or more, and especially 
when they are sharp; as In Fig. 149, 153. And the phrases tioo-cU/l, or, 
in the Latin form, bifid, three-cleft or trifid, four-cle/t or quadrifid, five- 
elrft or gninqtefid, etc., or aang-cle/t, in the Latin form, nultifid, — express 
the number of the Segmexli, or portions. 

Parted, when the incisions are still deeper, but yet do not quite reach 
to the midrib or the base of the blade; as in Ftg. 150, 154. And 
the terms tvo-parCed, three-parted, etc., express the number of snch 
divisions. 

Divided, when the incisions extend quite to the midrib, as in the lower 
part of Fig. 151, or to the leaf-stalk, as in Fig. 155 ; which really makes the 

Flo. 112-1 47. Kinds of DuugiD at leBvea. 



M 



LKA.Vm. 



[section 7 



leaf oomponnd. Here, umg tbe Latin form, the leaf is said to be bueeleJ, 
trittettd (?ig. 155), etc., acconliiig to the nomber of the dinsions. 

141. The Modo of I^bing or Division eorrespoDds to that of the 
Teming, whether ^MfinTf veined or paimalely veined. Id the former the 
notches or incuions, or riiaue*, coming between tiie priQcipal reins or ribs 
arc directed toward tbe midrib : in tbe latter thcj are directed toward the 
apei of Uie petiole ; aa tbe figures show. 

148. 8o degree and mode of dirision maj be teraclj expressed in brief 
pbnsea. TTins, in tbe four upper figures of pinnatelj veined leaves, the 
first is said to be pUnalebf lobed (in the special sense), the second piniiatelj 
cleft (or pixitttitfid in Latin form), tlic tliird pinnately parted, ttie fourth 
piiuaielf divided., m pimtatitected, 

143. Coireapondinglj in the lower row, of palmatelj veined leaves, the 
first is palmatetf toted, the second palmatelj c^fl, the third palmateh/ 
parted, tbe fourth patmatelf divided. Or, in other language of the same 
meaning (but now less commodj employed), thej are said to be diffilaleif 
hied, elefl, parted, or divided. 

144. Tbe number of tbe divisions or lobes msj come into the phrase. 
Thus in tbe four last named figures the leaves are respectivel j paimaMy 




tireeloied, ikree^le/t (or tr^d), three-parted, three-divided, or better (in 
Latin form), triteeted. And so for bigher numbers, &&^ve-lo6ed,J!ve-elefl, 

Fio, lis, piniiRtely lobed; U9, pinnfttely deft; ISO, plnnalelj parted; 161, 
pinnalcly divided, lesvea. 

Via. IS2, pKlmately thiw.lobed ; 1S3, pBlmatety three.cleft | 15 j, pslmatelj 
three-pwtedt IK, palmataly tbn«.divided or trisected, Iwvea. 
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etc., up to many-lobedf many^le/f or mulHJld, etc. The same mode of ex- 
pression may be used for pinnately lobed leaves, as pinnaiely 7'lo6ed, -cUifl, 
-parted, etc. 

145. The divisions, lobes, etc., may themselves be entire (without teeth 
or notches), or serrate, or otherwise toothed or incised; or lobed, cleft, 
parted, etc : in the latter cases making twice pinnatifidy twice palwuttdy or 
pinnately lobed^ parted, or divided leaves, etc. From these illustrations 
one will perceive how the botanist, in two or three words, may describe 
any one of the almost eudlessly diversified shapes of leaves, so as to give a 
clear and definite idea of it. 

146. Compound Leaves. A compound leaf is one which has its blade 
in entirely separate parts, each usually with a stalklet of its own ; and the 
stalklet is ohen jointed (or articulated) with the main leaf-stalk, just as this 




is jointed with the stem. When this is the case, there is no doubt that 
the leaf is compound. But when the pieces have no stalklets, and are not 
jointed with the main leaf-stalk, it may be considered either as a divided 
simple leaf, or a compound leaf, according to the circumstances. This is 
a matter of names where all intermediate forms may be expected. 

147. While the pieces or projecting parts of a simple leaf-blade are 
called Lobes, or in deeply cut leaves, etc., Segments, or Divisions, the sep- 
arate pieces or blades of a compound leaf are called Leaflets. 

148. Compound leaves are of two principal kinds, namely, the Pinnate 
and the Palmate ; answering to the two modes of veining in reticulated 
leaves, and to the two sorts of lobed or divided leaves (141). 

149. Pinnate leaves are those in which the leafiets are arranged on the 
sides of a main leaf -stalk; as in Fig. 156-158. They answer to the 



Fio. 15&-I58. Pinnate leaves, the first with an odd leaflet {odd-pinnate) \ the 
second with a tendril in place of uppermost leaflets ; the third abruptly pinnate, 
or of even pairs. 
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^atker-veined (i. e. ptmiuilelf -veined) simple leaf; as vill be seen at once 
OD comparing tiie forms. Ilie le^ii <A the former tuuwer to the loiei oi 
dinmoiu of the latter ; aud the coDtinuatioti of the petiole, along which the 
leaflets are arranged, answers to the midrib of the simple leaf. 

1S0> Three sorts of pinnate leaves are here given. Tig. 15G is piiaiaU 
with a* odd or end kafiet, as in the Common Locust and the Ash. Fig. 
157 is pimtatt leith a tendril al lie end, in place of the odd leaflet, as in 
the Vetches aud the Pea. Fig. 1S8 ia evenlj or abmpltg pinnate, as in the 
Hone; -Locust. 
l&l. Falmate (also named Digitale) leaves are those iu which the leaf- 
lets are all borne on the tip of the leaf- 
stalk, as in the Lupine, the Common 
Clover, the Virgmia Creeper (Fig. 93), 
and the Horse-chestnut and Buckeje 
(Fig. 159). The; evidentl; answer to 
the radiate-veined or pataaiefy-teined 
simple leaf. That is, Ihe Clover-leaf of 
three leaflets is the same as a palnmtelj 
. three-ribbed leaf cut into three separate 
leaflets. Aud such a simple five-lobed 
leaf as that of the Sugar-Maple, if 
more cut, so as t« separate the parts, 
would produce a palmate leaf of &?e leaflets, like that of the Horse-chestnut 
or Buekeje. 

153. Either sort of compound leaf may have any number of leaflets; yet 
palmate leaves cannot well have a great many, siuce tliey are all crowded 
tc^ther on the eud of the main leaf-stalk. Some Lupines have nine or 
eleven; the Hurse-chesluut has seven, the Sweet Buckeye more eommoidy 
five, the Clover three. A pinnate leaf often has onl; seven or five leaflets, 
or only three, as iu Beans of r.lje genus Fhaseolus, etc. ; iu some rarer cases 
only two; in the Orauge aud Lemon aud also iu the common Barberry 
there is only one ! The joiut at the place where the leaflet is uuited with 
the petiole distinguishes this last ease from a simple leaf. Li other specie* 
of these genera the lateral leaflets also are present. 

153. The leaflets of a compound leaf maybe either «it^>W (as in Fig. 
126-138), or lerrale, or lobed, cleft, parted, etc. ; in fact, may present all 
the variations of simple leaves, and the same terma equally apply to them. 

15i. When the division is carried so far as to separate what would be 
one leaflet into two, three, or several, the leaf becomes doubly or iieice 
eompound, either pinaaleli/ or palmateb/, as the case may be. For example, 
while the clustered leaves of the Honey-Locust are limply pinnate, that ia, 
onee pinnate, those on new shoots are bipinnaie, or twiee pinnate, as in 
Fig. 160. When these leaflets are again divided in the same way, the leaf 

Fia. 159. Palmate (or digitate) leaf of Qve leaflets, of the Sweet Bucke;a 
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becomeg thrice pinnale, or tripiKmale, as in man; Acactu. The fltst divi- 
sions are called Pimue; the otkera, PimutU*; aud Ihti k^t, or little bUdei 
Uiemselves, Leafeti. 

155. So the palmate leaf, if again 
compounded in the same waj, be- 
comes twice palmate, or, aa we sa; 
when, the divisions are in threes, 
twice temate (in Latin fonn iUer- 
nate') ; if a third time compounded, 
tkrice temate or triternate. But 
if the division goes still fuiiher, 
or if the degree is variable, we 
aimplj saj that the leaf is decoa- 
foami; either palmatel; or pin- 
aatelj decompound, as the case 
maj be. Thua, Fig. 161 repre- 
sents a four times temately com- 
pound (in other word^ a ternatelg 
deeompouiidj leaf of a comoiou 
, Meadow Rue. 

159. When the botanist, in de- 
scribing leaves, wishes to eipresa 
tbe nnmber of the leaflets, he 
ma; use terms like these: — 

Vnifoliolate, for a compound 
leaf of a siagle leaflet ; from the 

Latin umta, one, aud foUolum, ISO 

leaflet. 

Bi/oliolale, of two leafleta, from the Latin bis, tvrice, aaA/olioluia, leaflet, 
Tri/oliolate (or teraals), of three leaf- 
lets, as the Clover; and so on. 

Palaaleljf bifoliolaie, trifoUolate, 
guadri/oliaie, plurifoliolate (of several 
leaflets), ete. : or else 

Pianately bi-, tri-, qaadri-, or plurt- 
fuliolaie (that is, of two, three, four, 
five, or several leaflets), as the ease 
may be ; these are terse wajs of de- 
noting in single phrases both the num- 
ber of leafleta aud the kind of com- 
^^* pounding. 

167. Of foliage -leaves having certain peculiarities in structure, the 
following may be noted : — 

FiQ. 180. A twice-pinnate (abniptly) leat of the Honejr-Locuat. 
Fto. 161. Tematd; decompoand leaT of Meadow Rua. 
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15S. Perfoliate Lmtm. In Umm the ■tern that bears them seems to 
tDQ through the bUde of the leftf, more or teas aboie its base. A cammou 



tne senes eipjaius tiie pcuiiant; : jg^ 

ia the formalinn of tlie leaf the 

bases, meeting arouDi] the stem, grow together there. 

159, OoimatB-perfoliate. Such are tlie upper leaves of trae Honej- 
sucltlea. Here (Fig. 163) of the opposite and sessile leaves, some pairs, 
eapeciallj Ihe uppermost, in the course of their formation unite around the 
stem, which thus seems to run tliroiigh the disk formed by their union, 

160. Equitant Leaves. Wliile ordinary leaves spread horizontally, and 
present one face to the aky and the other to the earth, there are some that 
present tlieir tip to the sky, and tlieir faces right and left to tlie horizon. 
Among these are the eqailant leaves of the Iris or Plower-de-Luoe. In- 
spection sliows that eacli leaf was formed as li folded together lenglkwiig, 

Via. 1S2. Agommerbranchnf UTalariaperTolUts; lorerleareapetfaliate, upper 
cordate-clasping, uppermost simply sessile. 

Fio. 163. Branch of a Honeysuckle, with connnt^perfoliBte leaves. 

Fio. 164. Bnotatock onrl eqaitant leaves of Iris. 169. A section iccoBS the 
dustet of leaves at the bottom, shaving the eqoitation. 
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80 that That woald be the upper snrhoe is within, and all prown together, 
except next the bottom, where each leaf cohere the next jonnger one. It 
waa From their straddling oier each other, like a nian on honeback (ai it 
seen in the cross-section. Fig. 165), that Liniutua, with his Urelj futej, 
called these Equitant leaTes. 

161. Leaves wltb no dlstinotion of Petiole ftnd Blade. The leaTei 
of Iris just mentioned show oue form of Uiis. The flut but narrow leaves 
of Jonquils, Daffodils, and tl)e cjUodrical leaf of Ooious 
are other inataoces. Neeilt-thapei leaves, like those of ' 
the Pine, Larch, aod Spruce, aud the atel-tiaped as 
as the teate-ihaped leaves of Junipers, Ued Cedar, and i: 
Arbor-Vitffi (Fig. 166), are examples. 

162. Phfllodia. Sometimes an expanded jD^fto^ takes 
the place of the blade ; as in numerous New Holland 
Acacias, some of which are now common in greenhooses. 
Such counterfeit blades are called pAyliodia, — meaniDg 
leaf-like bodies. The; ma; be known from true bUdes 
by their standing edgewise, their mai^ins being directed 
upwards and downwards ; while in true blades the &ces 
look upwards and downwards; excepting in equilaut 
leaves, as already explained. 

163. Falsely Verttoal Leaves. These are apparent 
exceptions to the rule, the blade standing edgewise in- 
stead of flatwise to the stem ; bat this position eomes i"' 

by a twist of the stalk or the base of the 
blade. Such leaves present the two 
faces about equally to the light. The 
Com pass- plant (Silphium kciciatum) is 
an example. So also the leaves of Bolto- 
nia, of Wild Lettuce, and of a vast num- 
ber of Australian Mjrtaoeous shrubs 
and trees, which much resemble the 
phyllodia of tljc Acacias of the ssmq 
country. They are familiar in Callista- 
mon, the Bottle-brush Flower, and in 
Eucalyptus. But in the latter the 
leaves of the young tree have the nor- 
j^ mal structure and poaition. 

_, 16*. Cladophylla, meaning branch- 

lamei. The foliage of Ruscus (Ihe Butcher's Broom of Kurope) and ol 
ilyrsiphjlium of South Africa (cultivated for decoration under the false 

Fio. 168. Branch of Arbor-Vilje, with awl-ehaped and scale-shaped leaveb 
Fw. 167. The ambiguons leaf? (cl«dophyllQin)otMyriiphjlIum. 
Pio. 168. Same of Bnscus, or BatchM's Broom. 
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name of Smiki) is peculiar and pnuling. If these hiades (Fig. 167, 168) 

are reallj leaves, tbe; are most anomaJous In occupying the aitl ot another 
leaf, reduced to a little scale. Yet tlie; have aa upper aud lower lace, as 
leaves should, although thej soon twist, so a^ to staud more or less edge- 
wise, if the; are branches wbich Lave assumed exactly the form aud 
office of leaves, thej aje equallj eitcaordiuar; in not making an; further 
development. But in Kuscus, flowers are borne on cue face, in the axil 
of a little scale : aud this would seem to settle that the; are branches. In 
Asparagus juat the same things as to position are tiiread-shaped aud 
branch- like. 



{ % LEAVES OF SPECIAL CONFORMATION AND USE. 

165. Leaves for Storage. A. leaf ma; at the same time serve both 
ordinar; and special uses. Thus in those leaver of Lilies, such as the 
common While Lil;, which spring from the bulb, the upper and green part 
serves for foliage 
and elaborates 
nourishment, while 
the thickened por. 
tiouor bud-scale 
beneath serves for 
the storage of tliis 
nourishment. The 
thread -alia ped IcaF 
of the Onion ful- 
fils the same office, 
and the nourishing 
matter it prepares 
b deposited in 
its sheathing base, 
funning one of the 
jgg (»)ncentric layers of 

the onion. When 
tliese layers, so tbick and succulent, have given up their store to the grow- 
ing parts within, they are left as thin and dry husks. In a Houseleek, 
an Aloe or an Agave, the green color of the surface ot the fleshy leaf indi- 
cates that it is doing the work of foliage ; the deeper-seated while por- 
tion within is the storehouse of the nourishment which tlie green surface 
has elaborated. So, also, the seed-leaves or cotyledons are comraoni; used 
for storage. Some, as in one of the Maples, the Pea, Horse-chestuul, 
Oak, etc., are for nothing else. Others, as in Beech and in our common 

Flo. 169. A yoDDg Agave Aioericsos, or Ceatory-planti Geshy-leaved. 



SECnOM 7.] SPECIAL LEAVES. 63 

Beuu, give bint indicatioiu of serricc as foliage also, chieflj in lain. Still 

others, aa in the Fampkin and Flax, having serred for stora^, develop 

iuto the first efficient foliage. Compare 

LI, S2-30, and the accompaujing Sgurea. 




166. Leaves as Bad-Soalea serve to 
protect the rorming parts within. Hav- 
ng fulfilled thia purpose the; commonly 
all off when the shoot develops and 
'oliage-leaves appear. Occasionall}, aa 
a Fig. 170, there is a transition of bud- 
scales to leaves, wliich reveals the nature 
of the former. The Lilac also shows a 
^^-— gradation from bud-scale to simple leaf. 

^U§ In Comus florida (the Flowering Dog- 

170 wood), the four bud-scales which through 

the winter protect the head of forming 
lain until blossoming, and then the base of each grows out into 



Fra. 170. Scries of bud-acalea and foliage-leaves from a devel< 
Low Sweet Buckeye (.lEsculns parviflora), showing nearly complet 
« scale to a componnd leaf of five leaflets ; and that the scales a 
petioles. 

Via. ITL Shoot of common Barberry, showing b 
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a largo and vetj showy petal-lUte leaf; the original dry wale is apparent 

in the notch at the apex. 

167. Leaves as Spines occur in several plants. A familiar instance i» 
that of tbe common Barberrj (Fig. 171). In almost any summer shoot, 
most of the gradalions maj be seen between tlie ordinary leaves, with 
sharp bristly teeth, and leaves which are reduced to a bracehing spine or 
thorn. The fact that the spines of the Barberry produce a leaf-bud in_ 
tbeir axil also proves them to be leaves. 



168. lieaves for Climbing are Tarious in adaptation. True foliage- 
leaves serve this purpose ; as in Gloriosa, where tbe attenuated tip of a sim- 
ple leaf (oQierwise like that of a Lily) hooks around a supporting object ; 
or in Sohmum jasminoides of the gardens (Fig. 17S), and in Uanrandia, 
etc., where the leaf-stalk coils round and clings to a support; or in Ihe 
compound leaves of Clematis and of Adiumia, in whicli both the leaflets 
and their stalks book or coil arouud tbe support. 

169. Or in a compound leaf, as in the Pea and most Vetches, and in 
Cobiea, while the lower leaflets serve for foliage, some of the uppermost 
are developed as (endrib for climbing (Fig. 167). In tbe common Pea this 
is so with all but one or two pwrs of leaflets. 

170. In one European Vetch, tbe leaflets are wanting and the whole 
peliole is a tendril, wliile tlie stipules become tbe only foliage (Fig- 173). 

171. Leaves as Pitchers, or hollow tubes, are familiar in the common 
Pilcher-plant or Side-saddle Flower (Sarracenia, Fig. 174) of our bogs. 
These pitchers are generally half full of water, in which flies and other iu- 
aecta are drowned, often in aucb numbers as to make a rich manure for the 
plant. More curious ars some of tbe aouthem species of Sarracenia, which 
seem to be specially adapted to the capture and destruotjon of flies and 
other insects. 

FlQ. 172. Leaves of Solannm jaaminoides, tlto petiole adapted for climbing. 
FlO. 173. Leaf of Lslhyrus Aphaca, consiBting of a pair ofatipules and a tendril. 
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173. The leaf of Nepenthes (Fig. 175) combiDes three stractnres and 
uses. The expanded part below ia foliage : thu tapen into » tondhi for 



17* 1T8 

clirabiDg ; and this beara a pitcher with a lid. Insects are caaght, and per. 
haps digested, in the pitcher. 

173. Leaves as Fly-trapa. lusects are 
caught in another way, and more eiperlly, 
b; the most eitraoTdiaary of all the plants 
of this countrj, the Diooma or Venus's Fly- 
trap, whicli grows in the sandy bogs around 
WilmingtoD, North Carolina. Here (Fig. 
176) each leaf beara at its summit an appen- 
dage which opens and shuts, in shape some- 
thing like a steel-trap, aod operating much 
Lke one. For when open, no sooner does 
a fly alight on its surface, and brush against 
any one of the two or three bristles that grow 
there, than the trap suddeuly closes, captur- 
ing the intruder. If the fly escapes, the (rap 
soon slowly opens, and is ready for another 
capture. When retained, the insect is afier 
4 time moistened by a secretion from mi- ^^g 

nute glands of the inner surface, and is 
digested. In the various apeeies of Drosera or Sundew, insects are caught 

Fio. 174. Leaf of Sarracenia pnrpnrBa, entire, and aDother with the upper part 
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b; stfokicx ^^ ^ "^'7 ™cid glands ftt the tip of strong bristles, sided 
bj sdjacent gland-tip(ml bristles wliich bend slowlj toward the captire 
The use of sucli adaptations aud operations maj be explained in another 
place. 

S8. STIPULES. 

174. A leaf complete in Ua parts consists of blade, leaf-stalk or petiole, 

and B pair of stipules. Bat most leaves have eillier fugacious or minute 

■tipnies or none at all ; many have no petiole (the blade beiug tettiU or 

■t^kless) ; some Lave no clear distinction of blade and petiole ; and many 

of these, such as those of the Onion and 

all phyllo4lia (166), consist of petiole only. 

175. Tlie base of the petiole is apt to 

be broadened aud Sattcued, sometimes 

into ihin margins, sometimes into a sheath 

which embraces the stem at the point of 

attachment. 



176. Stipules are such appendages, either wholly or partly separated 
from the petiole. When quite separate they are said to hejive, aa in Fig. 
113. When attached to the base of the petiole, as in the Rose and in 

Flo. 177. Lesf of Red Clover: ft, Btipi]l«s,adheriiig tothe base of p, the petiole; 
i, blade of three leaflets. 

Fia. 176. Part of stem and leaf ot Prince's-Featber (Palyganam orientale) with 
tlie united aheathing stipulea forming a aheath or ucrta. 

Fid. 179. Terminal winter bud of Magnolia Umbrella, oatural ^ze. 180. Ontar- 
moit bnd -scale (pair of Btipulee) detached. 
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Clover (Fig. 177). tlie; are adutiU. When the two alipules anlte ud 
sheathe the stem above the insertioD, as id FoIjgoQani (Fig. 178), this 
Bhcath is called an Oerea, from its likeneM to a greave or leggin. 

177. In Grasses, when the shealbing base of the leaf roaj answer to 
petiole, the summit c^ the sheath eommoiil; pmjecia as a thin and short 
membnuie, like an oerea: thia is called a LiGULi or Ligcle. 

178. When stipules are green and leaf-like thej act as so mnch foliage, 
la the Fea thej make up no small part of the actual foliage. In a related 
plant (Lath; rus Aphaca, Fig. 173), ihej make the whole of it, the remainder 
of the leaf being tendril. 

179. In manj trees the stipules are the bud-scales, as in the Beech, and 
Ter; conspicuousl; in the Fig-tree, Tulip-tree, aud Magnolia (Fig. 179). 
These fall oSTas the leaves unfold. 

150, The stipules are spices or pricklei in Locust and several other 
Leguminous trees and shrubs ; the; are t«iidrila in Smilax or Oteenbrier. 

{ i. THE ARRANQEMENT OF LEAVES. 

151. Fbyllotaxy, meaning leaf-arrangement, is the stud; of the poeition 
o* leaves, or parts aDswering to leaves, upon the stem. 

182. The technical name for the attachment of leaves to the al«m is 



tbe weriioit. Leaves (as aJreadv noticed, 54) are iiuerled in three modes. 
They are 

AUemali (Fig. 181), that is, one after anotbet, or in other words, with 
onl; a single leaf to each node ; 

FlQ. ISl. Alternate leavec, iu linden, Lime-tree, or Bassvrood. 
Fia. 182. Opposite leaves, in Red Hsple- 




184. No two 
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Oppjiih (Fig. 182), when there isapair to each node, the two leares in 
this cue being always oa opposite sides of the stem ; 

WiorleJ OT Ferlieillatt (Fig. 1S3) when there aie more than two leaves 
on a node, iu nliich case thej divide the circle 
equallj between them, forming a Vertieel or whorl. 
When there are ttiree leaves in tlie whorl, the 
leaves are one third of the circumfsrence apart; 
when four, one quarter, and so on. So the plan of 
opposite leaves, which is very common, is merely 
that of whorled leaves, with the fewest leaves to tbe 
whorl, namely, two. 

183. Ill both modes and in all their modifica- 
tions, the arrangement is such as to dktribute the 
leaves systematically and iu a way to give them a 
gocd exposure to the light, 
ore leaves ever grow from the same point. Tbe so- 
called Faioicled or Qmttered leaves are 
tbe leaves of a branch the nodes of 
wliicb ar« very close, jost as they are 
in the bud, so keepbg the leaves in a , 
cluster. This is evident in tbe Larch 
(Fig. 134), in which examination shows 
each cluster to be made up of nume- 
rous leaves crowded on a spur or short 
axb. In spring there are only such 
clusters; but iu summer some of them 
lengthen into ordioarj shoota with scat- 
tered alternate leaves. So, likewise, 
each cluster of two or three needle- 
shaped leaves in I'itch Pines (as iu Fig. 185), c 
in White Fine, answers to a similar extremely short branch, 
springing from the axil of a thin and slender scale, wbich 
represents a leaf of tlie main shoot. For Pines produce two 
kinds of leaves, — 1. primary, the proper leaves of the shoofs, 
not as foliage, but in the shape of delicate scales in spruig, 
which soon fall away ; and 3. aecoudary, \he /aicicled leaves, 
from buds in the axils of the former, and these form the 
actual fohage. 



ir of (ive leaves 



clusters (fascicles) of 

^h three lesvea iu a fascicle or tinik- 

1 primary leaf. Ths bandle i> >op- 
roasded at the base b; a short sheath, formed of the delicate scales of the uillaiT 



Fro. 18B. Piece of a 
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135. Pt^llotaxy of AltarnaW LoaTO& Alternate leives ue diatrib- 
uted along the stem in as order wbicU is uniform for encli species. Tho 
uraugement in all its modifications is said to be tpiml, because, if we 
draw ft line from tbe iiaertio* (1. e. tlie point of attacbment) of one leaf to 
tbat of the next, and so on, tlib Lne will wind spirall; around the stem aa 
it nses, aud in tbe same species will alwajs bear the same number of lea?e» 
for eacii turn round tlie stem. That is, anj two successive leavea will 
always be separated from each other bj an equal portion of (he circum- 
ference of the stem. The distance ia height between an; two leares may 
TBTj greatlj, even on the same ahoot, for that depends upon the length of 
the inlemodei, or spaces between tbe leaves ; but the distauce as measured 
around the circumference (In other words, the Axgxiar Disergeitee, or angle 
formed bj auj two successive leaves) is uniformlj the same. 

186. Two-ranked. The greatest possible di- » 

Terence is, of course, where the second leaf stands t 

on exactly the opposite aide of the atem from the 
first, <be third on the side opposite the second, and 
therefore over the first, and the fourth over the 
second. Tliia brings all the leaves into two ranks, > 

one on one aide of the stem and one on the other, 
and b thereforo called tbe Ttco-ranked arrangement. * 

It occurs in all Grassea, — in Indian Com, for in- 
stance i also, iu the Baaswood (Fig. 181). This 
is the aimpleat of all arrangements, and the one 
which moat widely dblributes successive leaves, but 
which therefore gives the fewest vertical ranks. 
Next ia the 

187- Three-ranked arrangement, — that of all 
Sedges, and of White HeUebore. Here the secoud y^ 

leaf ia placed one third of tbe way round tbe stem, 
tbe third leaf two thirds of the way round, tbe fourth 
leaf accordingly directly over tbe first, the fifth over 
the second, and so on. That is, three leaves occur 
in each turn round the stem, and they are separated 
from each other by one third of the cironmference. 
(Fig. 186, 187.) 

183. FlTO-ranked is the next in the series, aud 1ST 

the most common. It b aeen in the Apple (Fig. 168), Chen?, Poplar, 
aud the greater number of trees and shrubs. In this case the line traced 
from leaf to leaf will pass twice round the stem before it reaches a leaf 

Fio. 186. Two-Tsnhed arrangement, shown in a piece of tbe atalb of a Sedge, 
with tbe leaves cut off above their ba^es ; the leaves are cumbered in order, from 
1 to 6. 187. Diagram or cioss-section of the same, in one planej tbe leaves aiini- 
lari; niunbered ; showing two cycles of thiae. 
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sitoated directly over any below (Fig. 189). Here the sixth leaf is over 
the first ; the leaves stand in five perpendicular ranks, with equal angular 
distance from each other; and this distance between any two successive 
leaves is just two fifths of the circumference of the stem. 

189. The five-ranked arrangement is expressed by the fraction |. This 

fraction denotes the divergence of 
the successive leaves, i. e. the an- 
gle they form with each other : the 
* numerator also expresses the num- 
ber of turns made round the stem 
by the spiral line in completing 
one cycle or set of leaves, namely, 
two; and the denominator gives 
the number of leaves in each cy- 
cle, or the number of perpendic- 
ular ranks, namely, five. In the 
same way the fraction ^ stands for 
the two-ranked mode, and ^ for 
the three-ranked : and so these 

different sorts are expressed by 
the series of fractions ^, |^, {. Other cases follow in 
the same numeiical progression, the next being the 

190. Eight-ranked arrangement. In this the ninth 
leaf stands over the first, and three turns are made 
around the stem to reach it; so it is expressed by 
the fraction |. This is seen in the Holly, and in the 
common Plantain. Then comes the 

191. Thirteen-ranked arrangement, in which the 
fourteenth leaf is over the first, after five turns around the stem. The 
common Houseleek (Fig. 191) is a good example. 

192. The series so far, then, is J, |^, |, |, ^ ; the numerator and the 
denominator of each fraction being those of the two next preceding ones 
added together. At this rate the next higher should be ^j, then Jf , and 
so on ; and in fact just such cases are met with, and (commonly) no others. 
These higher sorts are found in the Pine Family, both in the leaves and 
the cones and in many other plants with small and crowded leaves. But 
in those the number of the ranks, or of leaves in each cycle, can only rarely 





Fio. 188. Shoot with its leaves 5-ranked, the sixth leaf over the first; as in the 
Apple-tree. 

Fig. 189. Diagram of this arrangement, with a spiral line drawn from the attach* 
ment of one leaf to the next, and so on ; the parts on the side turned from the eye 
are fainter. 

Fig. 190. A ground-plan of the same; the section of the leaves similarly num- 
bered ; a dotted line drawn from the edge of one leaf to that of the next marks out 
the spiraL 
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be made out b; direct inapection. Tbe? ma? be indirect]; ascertiuiied, bov< 
ever, bj stndjing the lecondary apiraJs, ta tliey are called, which usually 

become conspicuons, at least two series of ihem, one 
tuniiog to the riglit and one to the left, as ahovn in 
Fig, 191. For an account of the waj in which the I 
character of the phjllotai; ma; be deduced from the 1 
secondary spirals, see Structural JJotanj, Chapter IV. \ 

193. Fhjrllotaxy of Opposite and whorled Leaves. 
This is simple and comparatiTel; uniform. The leaves 
of each pair or whorl are placed orer the interrall 
between those of the preceding, and therefore under Ul 

the intervals of the pair or whorl next above. The 
Avhorb or pairs alternate or cross each other, usually 
at right angles, that is, they dscuitiate. Opposite 
leaves, that is, whorls of two leaves only, are far com- 
moner than wborls of three or four or more members. 
This arraogement in successive decussating pairs gives 
an advantageous distribution on the stem in four verti- 
cal ranks. TVhorIa of three give sii vertical ranks, 
and so on. Note that iu descriptive botany leaves ia 
whorb of two are simply called oppoaiie leaves ; and 
tliat the term vertieiilate or tekorled, b employed only 
for cases of more than two, unless the latter number 
is specified. 

191. Vernation or PreefoUatlon, the disposition 
of the leaf-blades in the bud, comprbcs two things ; 1st, 
the way in which each separate leaf is folded, coiled, 
or packed up in the bud; and 3d, t)ie arrangement 
of the leaves in the hud with respect to one another. 
Tlie hitter of course depends very much upon the 
pliyllotaiy, i. e. the position and order of the leaves upon the stem. The 
same terms, are used for it as for the arrangement of the leaves of the 
flower in the flower-bnd. Se«i therefore, " .Estivation, or Pnefloration." 

195. As to each leaf separately, it is sometimes itraight and open in 
vernation, but more commonly it is either ACT^./o/iferf, or ro/^ei/B/), When 
the upper part is bent down upon the lower, as the young blade in the 
Tulip-tree b bent upon the leafstalk, it is said to be Inflexed or Reclined in 
Temation. When folded by the midrib so that the two halves are placed 
face to face, it is Condaplieak (Yig. l'3i), as in the Magnolia, the Cherry, 
and the Oak. When folded back and forth like the pl&its of a fan, it is 

FiQ. 191, A jonng plant of tha Houaelcek, with the leavea {not yet eipanded) 
numbered, and ezhiliitiDg the IS-ranked arrapgemeDt; and showing aecoadary 

Fio. 192. Opposite loaves of Euonjmus, or SpindlS'tiM, abowing the anecesdva 
pairs crosBing each other at right angles. 
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Flicaie or Plaited (Fig. 194) » u in the Maple and Currant. If rolled, it 
maj be so either from the tip downwards, as in Ferns and the Sundew 

(Fig. 197), when in unroll- 
Ut IM U( iug it resembles the head 

of a crosier, and is said to 

be Circinate; or it may be 

rolled up parallel with the 

. -WW ^ .^Mv^ axis, either from one edge 

into a coil, when it is Con- 
volute (Fig. 195), as in the 
Apricot and Flam ; or rolled 
from both edges towards 
the midrib, — sometimes 
inwards, when it b Invo- 
196 m 198 lute (Fig. 198), as in the 

Violet and Water - Lily ; 
sometimes outwards, when it is Revolute (Fig. 196), in the Ex>semarj and 
Azalea. The figures are diagrams, representing sections through the letl, 
in the way they were represented by Linosus. 






Section VIIL FLOWERS. 

196. Flowers are for the production of seed (16). Stems and brancbes, 
which for a time put forth leaves for yegetation, may at length put forth 
flowers for reproduction. 

§ 1. POSITION AND ARRANGEMENT OP FLOWERS, OR INPLORr 

BSCENCE. 

197. Flower-buds appear just where leaf-buds app^r ; that is, they are 
either terminal or axillary (47-49). Morphologically, flowers answer to 
shoots or branches, and their parts to leaves. 

198. In the same species the flowers are usually from axillary buds only, 
or from terminal buds only; but in some they are both axillary and 
terminal. 

199. Inflorescence, which is the name used by Linnseus to signify mode 
of flower^arrangement, is accordingly of three classes : namely, Indeterminate^ 
when the flowers are in the axils of leaves, that is, are from axillary buds; 
Determinate, when they are from terminal buds, and so terminate a stem 
or branch ; and Mixed, when these two are combined. 

200. Indeterminate Inflorescence (likewise, and for the same reason, 
called indefinite inflorescence) is so named because, as the flowers all come 
from axillary buds, the terminal bud may keep on growing and prolong the 
stem indefinitely. This is so in Moneywort (Fig. 199). 
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201. When flowers thus arise singly from the axils of ordinary leaves, 
tliey are axillary and solitary, uot collected into flower-clusters. 

202. But when several or many flowers are produced near each other, 
the acoompanyiog leaves are 
apt to be of smaller size, or of 
different shape or character : 
then they are called B&acts, 
and the flowers thus brought 
together form a cluster. The 
kinds of flower-clusters of the 
indeterminate class have re- 
ceived distinct names, according to their form and disposition. They are 
principally Baceme, Corymb, Umbels Spite, Head, Spadix, Caikim, and 
Panicle, 

203. In defining these it will be necessary to use some of the following 
terms of descriptive botany which relate to inflorescence. If a flower is 
stalkless, i. e. sits directly in the axil or other support, it is said to be 
tesHle, If raised on a naked stalk of its own (as in Fig. 199) it ispedtM' 

culate, and the stalk is a Peduncle. 

204. A peduncle on which a flower-cluster is raised is a 
Chmmon peduncle. That which supports each separate flower 
of the cluster is a Partial peduncle, and is generally called a 
Pedicel. The portion of the general stalk along which 
flowers are disposed is called the Axis of inflorescence, or, 
when covered with sessile flowers, the Rhachis (back-bone), 
and sometimes the Receptacle. The leaves of a flower-cluster 
generally are termed Bracts. But when bracts of different 
orders are to be distinguished, those on the common pedun- 
cle or axis, and which have a flower in their axil, keep the 
name of bracts ; and those on the pedicels or partial flower- 
stalks, if any, that of Bractlets or Bracteoles, The for- 
mer is the preferable English name. 

205. A Raceme (Fig. 200) is that form of flower-cluster 
in which the flowers, each on their own foot-stalk or pedicel, 
are arranged along the sides of a common stalk or axis of 
inflorescence; as in the Lily of the Valley, Currant, Bar- 
berry, one section of Cherry, etc. Each flower comes from 
the axil of a small leaf, or bract, which, however, is often 
so small that it might escape notice, and even sometimes (as 
in the Mustard Family) disappears altogether. The lowest blossoms of a 

Fio. 199. Piece of a flowering-stem of Moneywort (Lysimachia nnmmnlaria,) 
with single flowers successively produced in the axils of the leaves, from below 
upwards, as the stem grows on. 

Fig. 200. A raceme, with a general peduncle (p\ x>^cel8 {p'), bracts (&X ai^d 
bractlets {V). Plainly the bracts here answer to the leaves in Fig. 199. 
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raceme »n of course tbe oldest, and therefon opeo firat, uid the order of 
blossoming is aiccndiitg from lie bottom to the top. Tbe stiniinit, never 
beiiig stopped bj a terminal flower, maj go on to grow, ami often does 
BO (as in the common Shepherd's Fuise), producing lateral flowers one 
after another for man; weeks. 

306. A CknTmb (Fig. SOS) is the same as a raceme, except that it is 
flat and broad, either convex, or level-topped. That is, a raceme becomes 
a corymb bj lengthening the bver pedicels while the uppermost remain 



shorter. Tbe axis oE a corjnib is short in proporUon to the lower pedicels 
Bj extreme shortening of tbe axis the corymb ma; be converted into 

807. An Umbel (Fig. SOS) as in the Milkweed, a sort of flower-cluster 

where the pediceb all spring apparentlj from the same point, from the top 

of tbe peduncle, so as to resemble, when spreading, the rajs of an ambrella ; 

whence tbe name. Here the pedicels are aonietimea called the 

Sag> of the umbel. Aud the bracts, when brouglit in thU way 

into a cluster or circle, form what is called an Involucbb. 

308. Tbe corjiiib and tbe umbel being more or less level- 
topped, bringing tlie flowers into a horizontal plane or a eon- 
vex form, the aaceodiug order of development appears as Csk- 
Iripetal. That is, tbe flowering proceeds from tlie margin or 
circumference regularlj towards tbe centre; the lower flowers 
of the former answering to the outer ones of the latter. 

209. In these three kinds of flower-clusters, the flowers are 
raised on conspicuous pedicels (SOi) or stalks of their own. The 
shortening of these pedicels, so as to render the flowers leuilt 
or nearly so, couvcrts a raceme into a Spiie, and a corymb or an 
umbel into a Head. 

310. A Splfea is a flower-cluster with a more or leas length- 
ened axis, along' which the flowers are sessile or nearly HO ; as in 
«* the Plantain (Fig. SOI). 

311, A Head {CapiSaluin) la a round or roundish cluster of flowen^ 
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vhich ttre seMJle od a very ihort aiis or receptacle, u in the Buthin-ball, 
Button-buab (Fi^. SOS), and Red Clover. It a just irhat a spike vould 



SD6 SOS 

tieoome if its axis were sliorlened; or an umbel, if its pedicels were all 

shortened until tlie flowers became sessile. The head 

of the Button-bush is naked; but tbat of the Tbistle, 

of the Dandelion, and tlie like, ia surrounded b; empty 

bracts, which form an InpolitcTe. Two particular forma 

of the spike and the head have received particular 

names. Darnel;, the Spadix and the Catkin. 

313. A Spadix is a flesh; spike or head, with small 
and often imperfect flowers, as in tlie Calla, Indian 
Turnip, (Fig. 206), Sweet Flag, etc. It is common!; 
surrounded or embraced b; a peculiar enveloping leaf, 
called a Sfathe. 

313. A Catkin, or Ament, ia the name given to tbe 
scaly sort of spike of the Birch (Fig. 207) and Alder, 
the Willow and Poplar, and one sort of flower-clnaters 
of the Oak, Hickor;, and the like, — the so-called Amex- 
taceoiu trees. 

314. CompOKnd flower-clusters of these kinds are 
not uncommon. Wben the stalks which in the sim- 
ple umbel are the pedicels of single flowers tljemselves 
branch into an umbel, a Compound Umbel is formed. *ff 

Fto. 205. Head of the Bntton-bnsh (Cephalanthns). 

Fio. 20fl. Spadix and apsthe of the Indian Tumlp) the latter cut through belov. 

Fia. 207. Catkin, or Ament, of Btrch. 
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Tbb it tie infioTHcence of Canwa; (Tig. SOS), Parsnip, and almost all of 

tbe greftt bmil; of Umbelliferous (untbel-beariug) plants. 
S15. Tbe secood- 
arj or partial umbels 
of a compoiiiid um- 
bel are Uubkllets. 
M'hen the umbellela 
are subtended bj an 
involucre, tLia sec- 
ondary involucre is 
** calledanlnvoLTicEi, 

S16. A Compound raceme is a cluster of racemes 

iBoemoselj arranged, as in Smilaciua racemosa. 

eompouiid corymb is a corjmb some branches o( which 

branch again in the same wa;, as in Mountain AsL. A 

eompound spite is a spicatel; disposed cluster of spikes. 

217. A Faniolo. such as that of Oata and raanj 
Grasses, ia a compound Bover-clusler of a more or less 
open sort which branches with apparent iireguluiitj, 
neither into corymbs nor racemes. Fig. 209 repre- 
sents tbe simplest panicle. It b, as it were, a raceme 
of vhicli some of the pedicels liave branched so as to 
bear a few flowers on pedicels of their own, while 
others remaui simple. A eompound panicle ia ore that ajs 
branches in this vsj again and again. 

218. Determiniite Infloresoenoe is that in which the flowera are from 
terminal buds. Tbe simplest case is that of a solitary terminal flower, as 





in Fig. 210. This stops the growth of the stem ; for its terminal bod, be^ 
coming a blossom, can ao more lengthen in the manner of a leaf-bad. An; 

Flo. 208. Compound Uml>el of Caraway. 

Flo. 209. Diagram of a simple panicle. 

Fia. 210. Diagram of an oppottite-leaveil plant, with a nngl« temiinal flower. 
mi. Same, witliB cyme of tlireefloversj a, tlie first flower, oT the maia axis: tb. 
those of branches. 212. Same, witli flawen also of tbe third order, c c 
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farther growth must be from axillary buds deyeloping into branches. If 
such branches are leafj shoots, at length terminated bj single blossoms, 
the inflorescence still consists of solitary flowers at the summit of stem and 
branches. But if the flowering branches bear only bracts in place of ordi- 
nary leaveSj the result is the kind of flower-duster called 

219. A Cyme. This is commonly a flat-topped or convex floweisdiister) 
like a corymb, only the blossoms are from terminal buds. 
Fig. 211 illustrates the simplest cyme in a plant with oppo- 
site leaves, namely, with three flowers. The middle flower, 
a, terminates the stem ; the two others, b b, terminate branches, 
one from the axil of each of the uppermost leaves ; and being 
later than the middle one, the flowering proceeds from the 
centre outwards, or is CentrijMgaL This is the opposite of 
the indeterminate mode, or that where all the flower-buds are 
axillary. If flowering branches appear from the axils below, 
the lower ones are the later, so that the order of blossoming 
continues centrifugal or, which is the same thing, descending, 
as in Eig. 213, making a sort of reversed raceme or fake ra^ 
ceme, — a kind of cluster which ii to the true raceme just 
what the flat cyme is to the corymb. 

220. Wherever there are bracts or leaves, buds may be *^ 
produced from their axils and appear as flowers. Fig. 212 represents the 
case where the brandies, b b, of Fig. 211, each with a pair of small leaves 
or bracts about their middle, have branched again, and produced the 
branchlets and flowers c r, on each side. It is the continued repetition of 
this which forms the full or compound cyme, such as that of the Laures- 
tinus, Hobble-bush, Dogwood, and Hydrangea (Fig. 214). 

221. A Fascicle (meaning a bundle), Uke that of the Sweet William 
and Lychnis of the gardens, is only a cyme with the flowers much crowded. 

222. A Glomemle is a cyme still more compacted, so as to imitate a 
head. It may be known from a true head by the flowers not expanding 
centripetally, that is, not from the circumference towards the centre. 

223. The illustrations of determinate or cymose inflorescence have been 
taken from plants with opposite leaves, which give rise to the most regular' 
cymes. But the Rose, Cinquefoil, Buttercup, etc., with alternate leaves, 
furnish also good examples of cymose inflorescence. 

224. A Oymnle (or diminutive cyme) is either a reduced small cyme of 
few flowers, or a branch of a compound cyme, i. e. a partial cyme. 

225. Scorpioid or Helicoid Cymes, of various sorts, are forms of de- 
terminate inflorescence (often puzzling to the student) in which one half of 
the ramification fails to appear. So that they may be called incomplete 
cymes. The commoner forms may be understood by comparing a complete 



Fia. 213. Diagram of a simple cyme in which the axis lengthens, so as to take 
the form of a raceme. 



[sEcnoir 8. 



ejme, like that of Fig. 116 with Fig. 216, the ditgram of a ojine of an op- 
poutB-leaved plant, hariug a «eiiea of terminal fiowen and the axis oon- 



tinned b; the development of a branch in the axi] of onlj one of the lesTcs 
at each node. The dotted lines on the left indicate the phkce of the v 





branches, which if present would 
convert this siorpioid cyme into the 
complete one of Fig. 215. Fig. 317 
is a diagram of simihir inflorescence 
with alternate leaves. Both are 
kmdsof/fliwrflM(iK»(219). When 
the braota are also wanting in such 
eases, as in manj Borragineons 
plants, the true nature of the in- 
florescence is verj much disguised. 



Via. 211. Compound cyme of Hydrangea orborescena, with neutral enlarged 
flowera round the circumference. 
Fio. 215. A complete forking cjrme of an Arenaria, or Chickwwd. 
Fio. 216. Diagram of a Bcorpiout cyme, with appodte leaves or bracte. 
Fia. 217. Diagram of uialogooB icorpioid cyme, with alternate leares or bracts. 
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236. These distinctions between determinate and indeterminate inflores- 
cence» between corymbs and cjmes, and between the true and the false 
raceme and spike, were not recognized bj botanists much more than half 
a century ago, and even now are not always attended to in descriptions. 
It is still usual and conyenient to describe rounded or flat-topped and open 
ramification as eotymbose, even when essentially cymose; also to call the 
reversed or false racemes or spikes by these (strictly incorrect) names. 

227. Mixed Infloresoence is that in which the two pbms are mixed or 
combined in compound clusters. A mixed panicle is one in which, while 
the primary ramification is of the indeterminate order, the secondary or 
ultimate is wholly or partly of the determinate order. A contracted or 
elongated infloresoence of this sort is called a Thtesus. Like and Horse- 
chestnut afford common examples of mixed inflorescence of this sort. When 
loose and open such flower-clusters are called by the general name of 
Panicles. The heads of CJomposits are centripetal; but the branches or 
peduncles which bear the heads are usually of centrifugal order. 



f 2. PARTS OR ORGANS OF THE FLOWER. 

228. These were simply indicated in Section II. 16. Some parts are 
necessary to seed-bearing ; these are Essential Organs, namely, the Stamens 
and pistils. Others serve for protection or for attraction, often for both. 
Such are the leaves of the Flower, or the Floral Envelopes, 

229. The Floral Envelopes, taken together, are sometimes called the 
Perianth, also Perigone, in Latin form Perigonium, In a flower which 
pos.sesses its full number of organs, the floral envelopes are of two kinds, 
namely, an outer circle, the Caltx, and an inner, the Ck)aoLLA. 

230. The Calyx is commonly a circle of green or greenish leaves, but 
not always. It may be tlie most brightly colored part of the blossom. 
Each calyx-leaf or piece is called a Sepal. 

231. The Corolla is the inner circle of floral envelopes or flower-leaves, 
usually of delicate texture and colored^ that is, of some other color than 
green. £ach corolla-leaf is called a Petal. 

232. There are flowers in abundance whirli consist wholly of floral envel- 
opes. Sucb are the so-called full double Jlowers, of which the choicer roses 
and camellias of the cultivator are familiar examples. In them, under the 
gardener's care and selection, petals have taken the place of both stamens 
and pistils. These are monstrous or unnatural flowers, incapable of pro- 
ducing seed, and subservient only to human gratification. Their common 
name of double flowers is not a sensible one : except that it is fixed by 
custom, it were better to translate their Latin name, Jlores pleni, and call. 
them full flowers, meaning full of leaves. 

233. Moreover, certain plants regularly produce neutral flowers^ conslsw 
ing of floral envelopes only. In Fig. 214, some are seen around the margin 
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of Uie cjme in Hjdnngcft. Thej ue likewise familiaT in the Hobble-bosh 
«nd in Wild- Cranberry tree, Viburuuni Oijcoccns; where thej fonn an 
tttrBctive Mttiiig to the cluster of small and comparatiTelj inconspicnons 




perfect flower* wliicb thej adoru. In the Guelder Rok, or Snow-bUI of 
oniameutftl cultivMion, all or most of the blossoms of this same shrub are 
transformed into neutral flowers. 

834. The Essential Orsans are likewise 
of two kinds, placed one above or within 
the other ; namelj, first, the Stauens or 
feridJizing organs, and second, the Pistils, 
which are to be fertilized and bear the 
seeds. 

335. A Stamen consists of two parts, 
namely, tlie Filament or stalk (Pi^. 319 o), 
and the Anther (£). The latter is the onlj 
essentia) part. It is a case, commonlj with two lobes or cells, each opening 
lengthwise bj a slit, at the proper time, and diacliarging a powder or dnst- 
lite substance, usnallj of a jellow color. This powder is the FoLLBH, or 
fertilizinj; matter, to produce which is the office of the stamen. 

836. A PiBtll (Fig. 330, 331) when complete, has three parts; Ovakt, 
Style, and Stigma. The Ovary, at base, is the hollow portion, which con- 
Uins one or more Ovules or mdimentsr; seeds. The Style b the tapering 

Fid. 218. Ajloipletitia, namely, a fnll donble flower of Rose. 
Fia. 219. A Btamen : a, filament : &, anther, discharging pollen. 
Fia. 220. A pistil; with ovar;, a, halt cat away, to show the contaiaed OTli]el ; 
b, Btjle; B, (tignuu 
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portioD above; the Sligma is a poitum of the aljle, nsnall; iti tip, *itb 
moist naked surTace, upon which grains of poUen ma; 
lodge and adhere, and thence make a growth which ex- 
teods down to the ovules. When there is no stjle then 
the stigma occupies the tip of the otarj. 

S37. Tbe Toms or Baoeptaole is the end of the 
flower-stalk, or the portion of axis or aleni out of which 
the several organs of the flower grow, upon wliich tbej 
are borne (Fig. 223). 

238. The parts of the flower are thus disposed on the 
receptacle or axis essentially as are leaves upon a verj 
short stem; first the sepals, or outer floral leaves; then 
the petals or inner floral leaves ; then the stamens ; laatlv, 
at summit or centre, the pistils, when there are two or 
more of them, or the single pistil, when only one. Fig. 
SS3 shows the oigaos displayed, two of each kind, of such 
ft simple and symmetrical Sower as that of a Bedum or 
Stonecrop, Fig, 282. 

f S. PLAN OF FLOWER. 

239. M flowers are formed apon one general plan, but with almost In- 
finite variations, and many disguises. This common plan it best anderstood 
by taking for a type, or standard for comparison, some pmfeel, eompleU, 




T^ular, and ufrnmetrieat blossom, and one as simple as such a blossom 
could well be. Flowers are said to be 

Per/eel (hermaphrodiii)., wlieii provided with both kinds of essential or- 
gans, i. e. with both stamens and pistils. 

Complete, when, besides, they have the two sets of floral envelopes, namely, 

Pio. 221. Model of a simple pixtil, with ovarj cnt across and slightly opened 
ventrallj, to show the ovules and their attachment. 

FlQ. 222. Flowar of Sednm tematiim. a Stonecrop. 

FlO. 223. PartB of earns, two of each kind, separated and displayed ; the tonu ol 
receptacle in the centre ; a, a sepal ; b, a petal ; c, a stamen ; d, a pistiL 
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c«ljx and corolh. Sucb &re completelj fumiahed witb all that belongs to 
a flower. 
Regular, wben all the parts of each set are alike in shape and size. 
Symmetrical, when there is an equal number of parts in each set or circle 
of organs. 

240. Flax.fiowers were taken for a pattern in Section II. 16. Bat in 
them the fire pbtila have their ovaries as it were consolidated into one bodj. 
Sedum, Fig. 222, has the pistib and all the other parta 
free frorn such eunibination. The flower is perfect, 
implete, regular, and sj'mmetricitl, but ia not quite 
aimple as it might be ; for there are twice aa man; 
Stamens as there are of tlie other organs. Ciassula, 
1 reUlive of Sedum, cultivated iu the conservatories 
for winter blossoming (Fig. 3S1) is simpler, being 
iiotlemoHOKt, or with just as man; stamena aa petals or 
sepals, while Sedum ia Jiplotlenionoia, having double 
that number; it lias, indeed, two seta of stamena. 
241. Ntunerlcal Plan. A certain number either 
il rj'T'nSr-'f? jW "ui* through the flower or ia discernible in some of 
"^V y^ J'J its parts. This numjier is most commonly either five 
ir three, not very rarely four, occasionally two. Thus 
"^-^ the If round-plan of the flowers thus far used for illus- 

tralion ia five. That ot Trillium (Fig. 836, 287) ia 
three, as it likewise is as realty, if not as plainly, in TuUpa and Lilies, Crocna, 
Iris, and all that class of blossoms. In some Sedums all the flowers are 
in fours. In others the first flowers are 
on the plan of five, the rest mostly on 
the plan of four, that is, with four sepals, 
four petals, eight 
stamcLia (i. e. twice 
four), and four pis- 
tila. Whatever the 
ground number may 
be, it runs through 
the whole in symmet- 
rical blossoms. !2T ZB 

242. Alternation of the aaooeariTe Clroles. In these flowers the 
parts of the successive circles alternale ; and such is the rule. That is, 

Fio. 224. Flower of a Crasaula. 225. Diagram or gronnd-plan of same. 

Fro. 226. Flower of sTrilliumi itaparts in threea. 

Fia.227. Diagram of flower of Trillium. In tbia, as in all such diagrams of cross- 
eection of bloaaoms, the parts of ihe outer circle repreneDt the «1;i ; the next, co- 
ro!laj within, RlninenB (here ia two circles of three each, and the croaa-sectioD i« 
through the anthers) ; iu the eeatro, section of tbiee ovsriea joined bito a compound 
ioa of ttuee cells 
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the petals stand over the intervals between the sepals ; the stamens, wLen 
of the same number, stand over tlie intervab between the petals; or when 
twice as many, as in tbe Trilliam, tbe outer set alternates with the petals, 
and the inner set, alternating with the other, of course stands before the 
petals ; and the pistils alternate with these. This is just as it should be ou 
tbe theory that the circles of the blossom answer to whorls of leaves, which 
alternate in this way. While in such flowers the circles are to be regarded 
as whorls, in others they are rather to be regarded as condensed spirals of 
alternate leaves. But, however thb may be, in the mind of a morphological 
botanist, 

243. Flowers are altered Branches, and their parts, therefore, altered 
leaves. That is, certain buds, which might have grown and lengthened 
into a leafy branch, do, under other circumstances and to accomplish other 
purposes, develop into blossoms. In these the axis remains short, nearly 
as it is in the bud ; the leaves therefore remain close together in sets or 
circles ; tbe outer ones, those of the calyx, generally partake more or less 
of the character of foliage ; the next set are more delicate, and form the co- 
rolla, while the rest, the stamens and pistils, appear under forms very dif- 
ferent from those of ordinary leaves, and are concerned in the production 
of seed. This view gives to Botany an interest which one who merely no- 
tices the shape and counts the parts of blossoms, without understanding 
their plan, has no conception of. 

244. That flowers answer to branches may be shown, first, from their 
position. As explained in the section on Inflorescence, flowers arise from 
the same places as branches, and from no other ; flower-buds, Uke leaf-buds, 
appear either on the summit of a stem, that is, as a terminal bud, or in th« 
axil of a leaf, as an axillary bud. And, as the plan of a symmetrical flower 
shows, the arrangement of the parts on their axis or reoeptacle is that of 
leaves upon the stem. 

245. That the sepals and petals are of the nature of leaves is evident 
from their appearance ; they are commonly called the leaves of the flower. 
The calyx is most generally green in color, and foliaceous (leaf-like) in 
texture. And though the corolla is rarely green, yet neither are proper 
leaves always green. In our wild Painted-cup, and in some scarlet Sages, 
common in gardens, the leaves just under the flowers are of the brightest 
red or scarlet, often much brighter-colored than the corolla itself. And 
sometimes (as in many Cactuses, and in Carolina Allspice) there is such a 
regular gradation from the last leaves of the plant (bracts or bractlets) into 
the leaves of the calyx, that it is impossible to say where the one ends and 
the other begins. If sepals are leaves, so also are petals ; for there is no 
clearly fixed Hmit between them. Not only in the Carolina Allspice and 
Cactus (Fig. 229), but in the Water-Lily (Fig. 228) and in a variety of 
flowers with more than one row of petals, there is such a complete transi- 
tion between calyx and corolla that no one can surely tell how many of the 
leaves belong to the one and how many to the other. 
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846. That stamens are of the same geoeral nature as petals, and there- 
fore a modification of leaTes, is shown bj the gradual transitions that occur 
^ betweeu the one and the 

other in mauj blos- 
soms ; espeoiallj in cul- 
tivated flowers, sQch aa 
Roses aad Camellias, 
wheu they begin to 
double, that is, lo change 
their stamens into pet- 

Ials. Some wild and 
natarHl flowers show 
the same interesting 
transitions. The Caro- 
lina Allspice and tbe 
Wliite Water-Lilj ex- 
hibit complete grada- 
23g tions not oiilj between 

sepals and petals, but 
between petals and stamens. The sepab of our Water-Lilj are green out- 
side, but white and petal-like on the iuside ; the petals, in manj rows, 
gradually grow narrower towards the centre of the flower ; some of these 
are tipped with a trace of a yellow 
anther, but still are petals; the 
next are more contracted and sta- 
men-like, but with a Oat peUl-Ufce 
filament; and a further narrow- 
ing of this completes the genuine 
stamen. 

247. Pistils and stamens iiow 
and tlien change into each other in 
some Willows; pistils often turn 
into petals in cultivated flowers; 
and in the Double Cherry thej 
arc occasionally replaced by small 
green leaves. Sometimes a whole 
blossom changes into a cluster of 

green leaves, as in the "green 2ffl 

roses " occasionally noticed in gar- 
dens, and sometimes it degenerates into a lenf; branch. So tbe botanist 
regards pistils also as answering to leaves ; that is, to single leaves when 
simple and separate, to a whorl of leaves when conjoined. 

FlQ, 22S. Series of Bepala, petals, and stamens of Wiite Watet-UIy, showina 
Uie transitiona. 
Via. 229. & Cactus blossom. 
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i t. MODIFICATIONS OF TBE TYPE. 

S48. The Deviatloaa, as tbej nuj be called, rrom the aatumed tjpe orr 
pattern of flower are most various and extensive. The differences between 
one species and another of the same geoos are cnmparalivel; iusigiiificant ; 
those between different genera ire more stnldng; those between different 
families and classes of plants more and more profound. The; represeut 
different adaptations to conditions or mode* of life, some of which have 
obvious or probable utilities, although others are bejond particular eipla- 
□atjon. Tbe principal modifications ma; be conveniently claasJIied. First 
those which in place of perfect (otiierwise called kermafkrodiU or bisexual) 
flowers, give origiu to 

249. UnisexoEd, or Separated, or DloUnoos Flowars, imperfect flow- 
ers, as thej have been called in coiilradiatiucliou to perfect Bowers ; but that 




.he pistils. Taking 

Dsltem, it is natural 

are luppreued. This 

rerj numerous cases 

are aborliee, Ihat is, 

M) are represenipa oj niuiiiiema or vestiges, which 

serve to eiemplifj the plan, although useless as 

to office. Uuisemal flowers are 

MonacioiH (or Mowirout, i. e. of one household), when flowers of both 
sorts or sexes are produced by the same individual plant, as in the Ricinus 
or Castor-oil Plant, Fig. 230. 

SimeioM (or Diokoui, i. e. of separate households), when (he two kinds 
are borne on different plants; as in Willows, Poplars, Hemp, and Moon- 
seed, Fig. 231, 232, 

PolggamoHi, when the flowers are some of tliem perfect, and some 
staminal« or pistillaie only. 
Fro. 230. Unisenuxl Bowera of Castor-oil plant : s, staminate flowar ; y, pistillat* 
Fia. 231, Btominat*, and 232, pistillate flower of Moonseed. 



Apetahut, wlic 
and cttljx wlmlly v 
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350. A blossam liarin|; stamens and no pistil is t, Slamixale or Mate 
fluwcr. Sonielimes it is called a Sterile flower, not appropriatelj, for oiLer 
flowers maj equRll; be slerile. One having pistil but no stamens IB a 
Pitliltatt or FfmaU flower. 

251. tnoomplate Flowers are so named 
in coutradisliuctijo to complete ; thej want 
cilher one or botb of the floral envelopes. 
Those of Fig. 230 are incomplete, haviug ca- 
Ijx but no corolla. So is Die flower of Anem- 
one (Fig. 233), Hltbough 
< its caljK is colored like a 
corolla. The flowers of 
Saurunisorljizard's-tail, aj3 

although perfect, have neiilier calyx nor corolla (Fig. 
231). lucoinplcte flowers, accordinglj, are 

Naked or AcklamydeoM, destitute of both floral en- 
velopes, as in Fig. 234, or 

iratiliiig onl; tie cotolla. The case of corolla present 
lautiug is extremeljr rare, slihoiigh there are seeming 
iustuuccs. In fact, a single or simple perianth is taken to be a calji, 
unless iJie absence or aboi'lion of a caljx can be made evident 

353. lu contradistinction to 
regular and symmetrical, very 
many flowers are 

Irregular, that is, with the 
members of some or all of the 
floral circles unequal or dlssun- 
ilar, and 

Vn^mmetriral, that is, wlien 
the circles of the flower or 
some of them differ in (he num- 
ber of their members. {Sym- 
metrical and unsymmetrical are 
fC !r^ :^n ^^T^^sedinadifferentsenseinsome 
^--^ m »J''^--^ recent books, but the older use 
^ jT[ \. flliould be adhered to.) Want 

fi \\ of numerical symmetry and 

i'llm^ irregulaiity commonly go to- 

VlilJ getlier; and both are common. 

238 Indeed, few flowers are entirely 

'ennsylvanicai apetfllons, hermaphrodite. 
■ Lizard' B-tai I; nakeil, bnt hermaphroditQ. 
236. Its stamens ami pistil separate and enlsised. 
lis calyi and corolla displayed; the ISva 




FiQ. 233. Flow 

Plo.23i. Flower of Saururusi 

Fio. 235, Flower of Mustard. 

Fio. 237. Flower of a Violel. 



le sepals; tbe Bve intervening larger oi 



BBCTION 8.] MODIFICATIONB OF THE TYPB. 87 

■jmmetrical bejond calyx, oorolU, and perlups stameiu ; tnd probablj do 
irregular bloaiomB are quite sjmmetrical. 

853. Irregnlai- and Unfiymnwtrloal Flowws ma; therefora be illua- 




A 



tnited together, banning with cases 
which are comparatjvelj free from other 
complications. The blossom of Mustard, 
and of all the verj natural familj which 
it represents (Fig. 335, 336), is regular 
but unsjmmetricalia the atameua. There 
are four equal sepals, four equal petals ; 
but six stamens, aad only two members 
in tbe pistil, which for the preseut maj 




Fia. 339. FlowBT of a Larkspur. 210. Its calyx and corolla displayed; the five 
biX^r parts are the gepala; the foor smaller, of two shapes, are the petals; the 
place of the fifth petal is Tacant, 241. Diflgram of the samei the place for the 
mUdng petal marked by a dotted line. 

Flo. 242. Flower of a Monkshood. 243. Its parts diepUyedi five sepals, the np. 
per forming the hondt the two lateml alike, broad and flat) the two lower small. 
The two pieces nnder the hood represent the corolla, reduced to two odd-shaped 
petals; in centre tbe numerons stamens and three pistils. 244. Diagra-n of the 
ealyi and corolla ) tbe three dott«d lines in the place of missing petals. 
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be left out of riew. The want of gjmmetry is in the stamens. These are in 
two drcles, ui outer and an inner. The outer circle consists of two atamena 
onlj; the inner baa its proper number of four. The flower of Violet, which 
is on the plan of Gve, is sjmmetrical in calyx, corolla, and stamens, inas- 
much as each of Uiese circles consists of five members ; but it is conspicu- 
ouslj irregular in tLe corolla, one of the petals beiog ver j differeat from the 

354. The flowers of Larkspur, and of Monkshood or Aconite, which are 
Dead; related, are botli strikinglj irregular in calyx and corolla, and con- 
siderably unaymmetrical. In Larkspur (Fig. 239-241) the irregular calyx 
consists of fire sepals, one of which, larger tlian the rest, b prolonged be- 
hind into a large sac or spur; but the corolla ia of only four petals (of two 
shapes), — the fifth, needed to complete the symmetry, being left out. And 
the Monkshood (Fig. 243-244) has five very dissimilar sepals, and a corolla 
of only two very small and curiously-shaped petals, — the three needed to 
make up the symmetry being left out. The stamens in both are out of 
aymmelry with the ground-plan, being numerous. So are the pistils, which 
are usually diminiahed to three, sometimes to two or to one. 

355. Flowers with Unltlpllaatioii of Parts are very common. The 

_ stamens are indefinitely numerous 

in Larkspur and in Monkshood 
(Fig. S42, 343), while the pistils 
are fewer than the ground-plan 
] suggests. Most Cactns-flowers 
have all the organs much in- 
creased in number (Fig. 339), 
and so of the Water-Lily. In 
Anemone (Fig. 333) the stamens 
*** and pistils are multiplied while 

the petals are left out. In Buttercups or Crowfoot, while the sepals and 
petals conform to the ground-plan of five, both stamens and pistils are indefl- 
nitely multiplied (Fig. 245). 

856. Flowers modiied by Union of Parts, so that these parts more 
01 less lose the appearance of separate leaves or other oi^us growing out 
of the end of the stem or receptacle, are estremely common. There are two 
kinds of such uuion, namely : — 

CoaUicence of parts of the same circle by their contiguous margins; and 
AdnatioH, or the union of adjacent circles or unlike parts. 
257. Coalescenoe ia not rare in leaves, as in the upper pairs of Honey. 
snckles, Fig. 163. It may all the more be expected in the crowded circles 
or whorls of flower-leaves. Datura or Stramonium (Fig. 246) shows this 
coalescence both in calyx and corolla, the five sepals and the five petals be- 
ing thus united to near their tips, each into a tube or long and narrow cnp. 
These unions make needful the following terms : — 

FiQ. 215. Flower of fianononlng bolbosot, or Buttansnp, in sectinn. 
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eamopetalma, said of a corolla tbe petals of wUdi are tbni eoaleaceot 
into one bod;, whether onlj at base or higher. Tbe luiioa ma; extend to 
the ver; smnniit, as in Morning Glor; and 
the like (Fig. 347), so that the Dumber of 
petals in it maj not be apparent. Tbe old 
name for this was Moxopelalout, bnt that 
means " one-petalled ; " while gsmopetalons 
means " petals united," and therefore is the 
proper term, 

Tofypetalcui is the counterpart term, to 
denote a corolla of diilinel, that is, separate 
petals. As it means " mnnj petalled," it is 
not the best possible name, but it is the old 
one and in almost uniTersal use. 

OamompaloHi applies to the caljx when 
the sepals are in this way united. 

Polgttpalomi, to the calyx when of sepa- 
rate sepals or calji-leBves. 

S58. Degree of union or of separation in 
descriptive botanj is expressed in the same 
wa; as is tbe lobing of leaves (139). See 
Fig. 24d-2a3, and tbe explanations. 

259. A corolla wben gamopetalons com- ^^ 

monl; shows a, distinction (well marked in 
Fig. 249-251) between a contracted tnbnlar 
portion below, the Tubs, and the spread- 
ing part above, tbe Bokdek or Limb. Tbe 
junction between tube and limb, or a more i 
or less enlarged upper portion of the tube 
between the two, is the Throat. The 
same is tme of tlie calji. 

360. Some names are given to partic- 
ular forms of tlie gamopetalons corolla, 
applicable also to a gamosepalous calji, 
such as 

Wheel-ihaped, or Rotate; wben spread- 
ing out at once, without a tube or with 
a ver; short one, something in the shape 
of a wheel or of its diverging spokes. Fig. 2« 

S52, 353. 

Salver-tiaptd, or Sahsr-Jitrm ; wben a Qat-spreading border is raised on 

FlO. 246. Flower of Datvra Stramonium ; gamoaepalonB and gatnnpetiiloii*. 
Fio. 217. Fonnelfonn corofla ot a common Morning Qlory, detached Aom its 
polTsepalous calyx. 
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% narrow tube, horn which it diveiges at right angles, like the salver rep- 





resented in old pictures, with a slender 
handle beneath, Fig. 249-251, 255. 

Bell-Shaped, or Campanulate ; where 
a short and broad tube widens upward, 
in the shape of a bell, as in Fig. 254. 

FunneUhapedy or Funnel-farm ; grad- 
ually spreading at the summit of a tube which is narrow below, in th* 
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shape of a funnel or tunnel, as in the corolla of the common Morning 
Glory (Fig. 247) and of the Stramonium (Fig. 246). 

Fig. 248. Polypetalous corolla of Soapwort, of five petals with long clawf* or 
stalk-like bases. 

Fia. 249. Flower of Standing Cypress (Gilia coronopifolia) ; gamopetalous: the 
tube answering to the long claws in 248, except that they are coalescent : the limb 
or border (the spreading part above) is jwe-parUd^ that is, the petals not there 
united except at very base. 

Fio. 250. Flower of Cjrpi-ess-vine (Ipomoea Quamoclit); like preceding, but limb 
fvot-JLobed. 

Fig. 251. Flower of Tpomosa coccinea; limb almost tntire. 

Fig. 252. Wheel-shaped or rotate and five-parted corolla of Bittersweet, Solanum 
Dulcamara. 253. Wheel-shaped and five-lobed corolla of Potato. 

Fig. 254, Flower of a Campanula or Harebell, with a campanulate or bell-shaped 
corolla; 255, of a Phlox, with salver-shaped corolla; 256, of Dead-Nettle (Lamium), 
with labiate ringviU (or gaping) corolla; 257, of Snapdragon, with labiate pertxm- 
alt corolla; 258, of Toad-Flax, with a similar corolla spurred at the base. 
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Tubaiar ; when prolouged into a tube, with Lttle or no spreadiug at Ibe 
border, as in the corolk of tlie Trumpet UoDejrsuclde, the culji of Sira- 
monium (Fig. 246), etc. 

SSI. AlthougL sepals and petals are ususJl; all blade or kmioa (123), 
like a aessile leaf, jet ttiu; ma; have a ooutncted and stalk^ke ba»e, ao- 
swering to petiole, Thii 
is called its Cuw, in 
Latin U»guU. Ungmeu- 
late petals are universal 
and strongl; marked in 
the Fiuk tribe, as in 
Soapwort (Fig. 348). 

263. Sucli petab, and 
varioua others, ma; have 
xe 20D tin oul«rovth of the in- 

ner face into an appendage or fringe, as in Soapwort, and in Silene (Fig. 
2G9), where it is at the junction of 
claw and blade. This is called a 
Crowb, or Corona. In Passion- 
flowers (Fig. 360) the crown consists 
of numerous threads on the base of 
each petal. 

363. Irregolar Flowers maj be 
polypetalons, or nearly so, as in the 
papilionaceous corolla; but moat of 2fll 
them are irregular through coales- 
cence, which often much disguises 
the numerical symmetry also. As 
affecting the corolla the following 
forms have received particular names ; 

364. Papitionaceons Oorolla, 
Fig. 361. 363, This is polypetnlous, 
eicept that two of the petals cohere, 
usually but alighllj. It belongs only 
to the Legnminous or Fulse family. 
The name means bntterflj-hke ; but 
the likeness is hardly obyious. The 

names of the Swe petals of the 
papilionaceotu enrolk are curiously 
incongruous. They arc, 




FiQ. 259. UngHiculate(dawea) petal of « Silene; with a two -parted «rown. 
Fio. 260. A iiinall Pas»ion-11ower, with crown of slender threads. 
Fro. 261. Front riew of a papilionaceonB corolla. 262. The parta of the sa 
displayed : i. Standard, or Vexillnm ; w, Wings, or Abe ; t. Keel, or Carina. 



92 FLOWEES. [section 8. 

Tbe Stakdibd or Baiuier (Vexillua), tie lai^ upper petal which is 
external in the bud and wrapped arouad tiie others. 

Tbe WiNOS iAlit), the pair of side peUla, of quite different shape from 
the standard. 

The TLtXL {CariHo), the two lower and usuaJlj smallest petals ; these are 
liglitl; coalescent into a bod; which bears soroe likeness, not to the keel, 
but to tbe prow of a boat ; and this encloses the stamens and pistil. A 
Pea-blossom is a typical example ; tbe present illustration is from a species 
* of Locust, Robinia hispida. 

S65. Labiate Corolla (Fig. SS6-S5S), which would more properly have 
been called Bilabiate, that is, two-lipped. 
I This b a common form of ganiopelalons co- 
rolla ; and tbe calyx is ofteu bilabiate also. 
These flowers are aU on the plan of five; 
and the irregularity in the corolla is owing 
to unequal union of the petals as well aa to 
dirersity of form. The two petals of the 
upper or posterior side of the flower uniU 
with each other higher op than with the 
lateral petals (iu Fig. 856, quite to tbe top), 
forming tbe Upper lip: the lateral and the 
lower similarly unite lo form tbe Lov>er lip. 
I Tbe single notcli wliich is generally found 
at the summit of the upper lip, and the two 
notches of the lower lip, or in other words 
the two lobes of the npper and the three of 
tbe lower lip, reveal the real composition. 
So also does the alternation of these five 
parts with those of the calyx outside. When 
tbe calyx is also bilabiale, as in the Sage, 
this alternation gives three lobes or sepals 
to tlie upper and two to the lower lip. Two 
forms of tbe labiate corolla have beeu desig- 

Riagent or Gaping, when the orifice is 
wide open, as in Fig- 256. 

Personate or Masked, when a protube- 
rance or intrusion of the base of the lower 
^ lip (called a Palate) projects over or closes 

the orifice, aa in Snapdragon and Toad-Flax, F ig. 357, 258. 

Flo. 263. Corolla of a purple QeraniiaUiEl open, ahowing the four sUmens; Uu 
croes shows where the fifth etsmen would be, if present. 

Pig. 264, Corolla, laid open, an<) Btamena of Pentstemon grandiflonis, with ■ 
sterile filament id the place of the SFth stamen, snd representing it. 

Fra. 286. Corolla of Catalpa laid open, displaying two good stameos and three 
abortive ones or vestiges. 
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266. Tbere are all gradations betireen labiate and icgokr oorollu. In 
those of Cierardia, of some species of FenULeoioii, and of CaUlpa (Fig. 
363-265), tbe labiate character is sliglit, but is manifest on close inspectioiL 
la almost aU such flowers the plao of fire, vhich is obvious or ascertain- 
able in the caljx and corolU, is obscured in tbe slaoieDs bj tbe abortion or 
suppression of one or three of their number. 

867. Ligulate Corolla. Tbe ligulate or Slrap-4haped corolla mainlj 
belongs to the femilj of CompositiE, in which namerous small flowen are 



gathered into a head, within an involucre that imitates a oaljx. It is best 
exemplified in the Dandelion and in Ohiccor; (Fig. S66). Each one of 
these straps or lAgmlts, looking like so manj petals, is the corolla of a dis- 



tinct flower : tbe base is a short tube, which opens out into the ligale : the 
five minnte teeth at the end indicate the number of constituent petals. So 
this is a tmd of gamopetalous corolla, which is open along one side nearly 

Pio. 266. Two floweT-heada oF Cbiccory. 

Flo. 267. One of them balT cut away, Ijetter iliowiog some or the flowera. 
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to ths btM, knd outspread. The nature of lacb a corolla (and of the sta- 
mens also, to be explaiaed in tbe next section) is illustrated bj the flowei 
of B Lobelia, Tig. SS6. 

268. In Asters, Daisies, Sunflower, Coreopsis (Fig. 368), and the like, 

onlj the msLrginal (or £11^) corolka ue ligulate ; the rest (those of tike 

DUk) air-, rrgularl; gamopetalous, 

tubular, aud five-lobed at summit; 

7 but the; are small and individuallj 

f inconspicuous, onl; the ray-Jtotoeri 

making a show. In fact, those of 

Coreopsis and of Sunflower ara 

simpl; for show, these ray-flowers 

being not only sterile, but nfutral, 

that is, having neither stamens 

nor pistil. But in Asters, Daises, 

Golden-toda, lud the like, these raj-flowers are pbtillate aud fertile, serving 



therefore for Beed-beariiig as well aa for ahow. Iiet it not be supposed that 
the show is useless. See Section XIII. 
— --J55^ Adnatloa, or Coii3oUda,tioii, is the union of the members of parts 
belonging to different circles of the flower (256). It is of course under- 
stood that in this (as likewise in eoaleHoence) the parts are not formed and 
then conjoined, but are produced in union. ITiej are bom united, as the 
term adnale implies. To illustrate this kind of union, take tlie accompany, 
ing series of flowers (Fig. 270-274), shown in vertical section. In the 
first. Fig. S70, Flai-flower, there is no adnation ; sepals, petals, and sta- 
mens, art/ree as well as distinct, being separately borne on tbe receptacle, 
one circle within or above the nest; only the five pistils have their ovaries 
coalescent. In Fig. 271, a Cherry Sower, the petals and stamens are bome 
on the throat of Ihe calyi-tube; tliat is, tbeaepa]s are coalescent into a cap, 
and the petals and stamens are aduate to the inner hce of this; in other 

Flo. 26S. Head or flowera of a. Coreopsis, divided lengthwise. 

Fio. 269. A allce of the preceding more enlarged, with one tuhular perfect flower 
{a) l«ft atoiidliig on the receptacle, with its braetlet or chaff (6), one llgulate and 
Dtntnl nf.flower (u), and put of another; dd, section of braoti or lone* of tha 
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words, the Kpals, petals, and stiuiieiiB are lU consolidated op to a certain 
height. In Fig. 373, a Purslane-flover, Uw same parts u« adnate to or 
consolidated wiUi the oyarj np to " " 

its middle. In Fig. 373, a Haw- 
thorn-flower, the consolidation has [1 
extended oyer the whole orarj; \i 
and petals and alamens are idnale < 
to the cfllyx still furtber. In Fig. 
S74, s Cranberrj'blossom, it is the 
same except tbat all tlic faria are 
tree at the same height; all seem 
to arise from the top of the ovary. 
S70. In botanical description, 
to express tersel; such differences 
in the relation of these organs to 

the pistil, the; are said to be 
Hypoffj/noui (i. c. under tbe pis* 

til) when tbe; are aHjree, that is, 

not sdnate to pistil nor connate 

with each other, as in Fig. 370. 

Perigj/noia (around the pbtil) 271 

when conuate with each other, 

that is, when petals and stamens 

are inttrfed or borne on the caljrx, 

whether as in Cberrj-flowers (Fig. 

371) tliej are free from the pistil, 

or as in Parslone and Hawthorn 

(Fig. 372, 373) thej are also ad- 
nata below to tiie ovary. 
Epiffjiiiimi (on the ovary) when 

so adnate that all these parts ap. *" 

pear to arise from the verj summit of the ovary, as in Fig. 974. Tlw 

last two terms are not vei7 definitely diatingnished. 
371. Another and a simpler form of expression is to describe parts of 

tiie flower aa being 
I'ree, when not united with or imerted upon other parta. 
DUtinet, when parts of the same kind are not united. This term is the 

oonnterpart of coalescent, as free b the counterpart of adnate. Man; 

writers nse the term " free " bdiscriminalely for both ; but it is better to 

distinguish them. 

FlO.270 Plai-flowBrinwictioni thspartsRllfreo,— 

Fio. 371. CherTT-flower In section { patals and sbuoen 
potigynons. 

Fro. 372. PnniIaD«-floweT In section; calyx, petals, itunens, all adnata ti 
halt of ovBiy, — perigynona. 
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Oonaatt b a term eommon bt either not fme or not distinct, that is, lot 
puts united oongeiiitall;, whether of same or of different kinds. 
JdMoU, u frofoAj used, nktea to tbe union of dissimilar parts. 

273> In Btill another form of ex- 
pression, the terms superior and 
inferior have been much used in 
I the sense of above and below. 
Superior is said of the ovary of 
Flax-flower, Clierrj, etc, because 
above the other parts ; it is eqoiv 
aleut to "ovarj free." Or it is 
said of the calyx, etc, , when above 
*" the ovary, as in Fig. 37a-275. 

li^erior, when applied to the 
ovary, means tbe same as " calyx 
adnate ; " when applied to the flo- 
ral envelopes, it means that they 
are free. 

373. Poaitton of Flower or 

of Its Parts. The terms superior 

and inferior, or upper and lower, 

are also used to indicate the relative 

position of the parts of a flower in 

ST* reference to the axis of inflorcs- 

Msec. An Biillary flower stands between the bract or leaf which eub- 

tonds it and tbe axis or stem which bears this bract ^ 

rj or leaf. This is represented in 

sectional diagrums (as in Fig. 275, 

S76) by a trausverse line for the 

bract, and a small circle for the axis 

of inflorescence. Now the side ot 

the blossom which faces the bract 

Anltrior, or Inferior, or La«er aide ; 
while the side next the axis ia the BS 

Potlerior, or Superior, or Upper aide of the flower. 
271. So, in the UbiaU corolla (Fig. 356-258), the lip which ia eomposea 
of three of the five petals is the anterior, or inferior, or loieer lip; the other 
ia the poi/erior, or superior, or upper Up. 

Fio. 273. Hawtbom-blrMsom in nectioni parts adnat« to whola &ee of ovai7, 
and with each other beyond; uiotber grade of perigynona. 

Pto. 274. Cnaheny-blouom ia section ; parts epigynona. 

Tio. 276. Diiigmit of papilioDaceoDS flower (Robinia, Fig. 261), with bnot ba- 
low; ailfl of infloreBceDce above. 

FlO. 270. Diegram of Violet-flower] aliowlug the ralation of parts to bnct and 




SECTION 8.] ARRANGEMENTS IN THE BUD. 



97 



275. In Tiolets (Fig. 838, 276), the odd aepal is posterior (next the 
axis) ; the odd petal is therefore anterior, or next tlie subtending leaf. In 
tlie papilionaceons flower (Fig. 261, and diagram. Fig. 275), the odd sepal is 
anterior, and so two sepals are posterior; consequently, bj the alternation, 
the odd petal (the standard) is posterior or upper, and the two petab form- 
ing the keel are anterior or lower. 



S 5. ARRANQEMENT OF PARTS IN THE BUDl 

276. JCstiyation was the fanciful name given by Linnaeus to denote 
the disposition of the parts, especially the leaves of the flower, before An- 
thesit, i. e. before the blossom opens. Proffioration, a better term, is some- 
times used. This is of importance in distinguishing different families or 
genera of plants, being generally uuiform in each. The aestivation is best 
seen by making a slice across the flower-bud ; and it may be expressed in 
diagrams, as in the accompanying figures. 

277. The pieces of the calyx or the corolla either overlap each other in 
the bud, or they do not. When they do not overlap, the aestivation is 

Valvate, when the pieces meet each other by their 
abrupt edges, without any infolding or overlappiug ; 
as the calyx of the Linden or Bass wood (Fig. 277). 
IndupUcate, which is valvate with the margins of 
each piece projecting inwards, as in the calyx of a 
common Virgin's-bower, Fig. 278, or 

Involute, which is the same but the margins rolled 
inward, as in most of the large-flowered species of 
Clematis, Fig. 279. 

Bedujilicaie, a rarer modification of valvate, is similar but with margins 

projecting out^vard. 

Open, the parts not touching in the bud, as 
the calyx of Mignonette. 

278. When the pieces overlap in the bud, it 
is in one of two ways ; either every piece has 
one edge in« and one edge out, or some pieces 
are wholly outside and others wholly inside. In 
the first case the aestivation is 

Convolute, also named Contorted or Ttoisted, as in Fig. 280, a cross-sec- 
tion of a corolla very strongly thus convolute or rolled up together, and in 
the corolla of a Flax-flower (Fig. 281), where the petals only moderately 
overlap in this way. Here one edge of every petal covers the next before 
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Fig. 277. Diagram of a flower of Lindeo, showing the calyx valvate and corolla 
imbricate in the bud, etc 

FiQ. 278. Valvate-indnplicate testivatioTi of calyx of common Yiigin's-bower. 
Fio. 279. Valvate-involute estivation of same in Vine-bower, Clematis Vitialla. 

7 
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it, wbfle its other edge is covered by the next behind it. The other mode 
is the 
Imbricate or Imbrieated, in which the outer parts oover or overlap the 
inner so as to " break joiuts," like tiles 
or shingles on a roof ; whence the name. 
When the parts are three, the first or 
outermost is wholly external, the third 
wholly internal, the second has one 
margin covered by the first while the 
other overlaps the third or innermost 
piece: this is the arrangement of alternate three- 
ranked leaves (187). When there are five pieces, as in the corolla of Fig. 
325, and calyx of Fig. 281, as also of Fig. 241, 276, two are external, 
two are internal, and one (the third in the spiral) has one edge covered 

by the outermost, while its otiier edge covers the in- 
nermost; which is just the five-ranked arrangement of 
alternate leaves (188). When the pieces are four, two 
are outer and two are inner ; which answers to the ar- 
rangement of opposite leaves. 

279. The imbricate and the convolute modes some- 
times vary one into the other, especially in the corolla. 

280. In a gamopetalous corolla or gamosepalous calyx, 
the shape of the tube in the bud may sometimes be notice* 
able. It may be 

Plicate or Ptaited, that is, folded lengthwise ; and the 
plaits may either be turned outwards, forming projecting 
ridges, as in the corolla of Campanula; or turned in* 
wards, as in that of Gentian Belladonna ; or 
282 Supervolute, when the plaits are convolutely wrapped 

round each other, as in the corolla of Morning Glory and of Stramonium, 
Fig. 282. 





Section IX. STAMENS IN PARTICULAR. 



281. AndroBcium is a technical name for the staminate system of a 
flower (that is, for the stamens taken together), which it is sometimes con- 
venient to use. The preceding section has dealt with modifications of the 
flower pertaining mainly to calyx and corolla. Those relating to the sta- 
mens are now to be indicated. First as to 



Fig. 280. Convolute aestivation, as in the corolla-lobes of Oleander. 

Fia. 281. Diagram of a Flax-flower; calyx imbricated and corolla oonvolnte to 
the bud. 

FiQ. 282. Upper part of corolla of Datura Stramonium in the bud ; and below 
a section showing the convolution of the plaits. 
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283. Insertion, or place of atUchment. The atameiu luiudljr go with 
the petals. Not rarely Ibe; are at base 

EpipetaloM, tliat is, inserted ~ 

on (or adnate to) the corolla, as 
iu Fig. 383. When free rrom 
(he corolla, thej maj be 

HypoffjfnoKi, in&etted on the 
leceptacie under the |iis(il or 
gyiiCBcium. 

teriggno%», inserted on the 
•ialfi, that b, irith the lower 
part of filameni adnate to the 
CBl;x-tnbe. 

Sfigj/iumt, bomE apparently on the top of the ovar; ; all which is ex.- 
phtincd in Fig. 270-274. 
Qt/mandroit* is another term relatbg to insertion of rarer occurrencet 
that is, where the sUmeoa are 
iiiaerted on (iu other words, 
aduate to) tbe style, as in 
Ladj's Slipper (Fig, 884), and 
intbeOceiJts family generally. 
S83. In Relation to eaoh 
* Other, stamens are more coiii- 
uiouly 

JHtliael, that is, without any 
union with each other. Bui 
when united, the following 
^ technical terms of long use 3St 

indicate their modes of mutual connection ; — 

Mottadelphoui (from two Greek words, meaning "in one brotherhood "), 
when nnited h; their filamenta into one set, usually into a ring or cup 
below, or into a tube, as in the Mallow Family (Fig. 386), the Passion- 
flower (Pig, 360), the Lupine (Fig. 287), and in Lobeha (Fig. 285). 

Diadelphoiu (meaning in two broth erhooda), wlieu united hy the fila- 
ments into two sets, as in the Pea and most of its near rektites (Fig. 388), 
usually nine in one set, and one in the other. 

Triaddphaia (three brotherhoods), when the filaments are united in three 
sets or clusters, as in most species of Hypericum. 

PiQ. 283. Corollft of Momiag Glory laid open, to show the five stamens inserted 
on It, near the base, 

Flo. 281 Style of a Lady's Slipper (Cypripertinm), and stsmenB united witli it; 
a, a, the anthers of the two good stamens ; tt, an abortive stamen, what should 
be its anther changed into a petal-like body ; atig, the atigma. 

Fio. 385. FlowerofLobeliacardinalia, Cardinal flower; corolla making approach 
to the 1%ulata form; filaments <<f) monadelphona, and anthera (a) syngeuesiouB. 




PmUKUfhoHi (five brotherhoods), when in five sets, as in aome species 
of HjpeTicnm and in American Linden (Fig. STT, 289). 

Pol/adelpioui (muij or serenl 
brotberhoods) is tbe term generally 
employed wlieu tbese sets are several, 
or even more tluiu two, aud tlie par' 
ticukr number is left unspecified. 
Tliese terms all relate ta the tUn- 

Syxffeneiioiu la the term to denote 
tliatstamenshave their tmtbera united, 
coalesceut into a ring or tube ; as in 
Lobelia(Fig, 285),iuViolet3,andb 
all of the great fwuilj of Compoaif*. 

284. Their Number in a. flower is commonlj expressed direcily, but 
•ODietimes adjectively, bj i aeries of terms wbicb were tbe name of classes 
iu the Linufeau artificial syatera, of wbieb tlie fuUowiug names, as also tbe 
preceding, are a survival : — 

MonaHdroti, i. e. Bolitary-stameoed, wbeo the flower haa only one aluneo, 

JHamlroM, when it has two stamens only, 

TriandroM, when it has three 
stamens, till 

Teirandroia, vbeti it has foor |f iTl 

stamens, il I 

Peniatdroiu, when it Las ll // 

five stamens, nan 

Ecxaitdroui, when with six ^IlL 

stamens, and so on to 

Polgandrotu, when it has 
many stamens, or more than a dozen. 

285. For which terms, see tJie Glossary. They are all Greek numerals 
preflxed to -andna (from the Greek), whicli Linnteus nsed for andmeium, 
and are made into an English adjective, ■androai. Two other terms, of 
same origin, designate particular cases of number (four or aU) in con- 
nection with unequal length. Namely, the stamens are 

JHdt/namoifi, when, being only four, they form two pairs, one pair longer 
than the other, as in the Trumpet Creeper, in Gerardia (Fig. !63), etc. 



Fio. 286. Flower of a 
delphors BtameiiB. 

Fio. 287. MonadalphnmBtsmBnBofE 
ofaPea-HoiRdm, 

Pio. 288. OneoftheflveaUraBn-olna 
accompanjiti); scale. The Bve clmters 



Mallow, vlth calf I and corolla cat away ; showing mana- 
us stamens orLDpine. 283. DiadelphouB Btamens(9and 1) 



r. Pig. 277. 
Flo. 290. Pi*e syngeneriou 
open and dliplared. 



■tuaeiu of ■ CoreopiU. 391. Baoie. with tuba laid 
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Tetradynamtms^ when, being onlj six, four of them surpass the other 
two, as in the Mustard-flower and all the Cruciferous family. Fig. 835. 

286. The Filament is a kind of stalk to the anther, commonly slender 
or thread-like : it is to the anther nearly what the petiole is to the blade of 
a leaf. Therefore it is not an essential part. As a leaf may be without 
a stalk, so the anther may be Sessile, or without a filament. 

287. The Anther is the essential part of the stamen. It is a sort of 
case, filled with a fine powder, (he Fallen, which serves to fertilize the pis- 
til, so that it may perfect seeds. The anther is said to be 

Innate (as in Fig. 292), when it is attached by its base to the very apex 
of the filament, turning neither inward nor outward ; 

Adnate (as in Fig. 293), when attached 
as it were by one face, usually for its whole 
length, to the side of a continuation of the 
filament; and 

Versatile (as in Fig. 29 i), when fixed by 
or near its middle only to the very point of 
the filament, so as to swing loosely, as in 
the Lily, in Grasses, etc. Versatile or ad- 
nate anthers are 

Introrse, or Incumbent, when facing in- 
ward, that is, toward the centre of the fiow- 
er, as iq Magnolia, Water-Lily, etc. 

Extrorse, when facing outwardly, as in the Tulip-tree. 

288. Rarely does a stamen bear any resemblance to a leaf, 
or even to a petal or flower-leaf. Nevertheless, the botanist's 
idea of a stamen is that it answers to a leaf developed in a 
peculiar form and for a special purpose. In the filament he 
sees the stalk of the leaf; in the anther, the blade. The 
blade of a leaf consists of two similar sides ; so the anther 
consists of two Lobes or Cells, one answering to the left, the 
other to t he right, side of the blade. The two lobes are often 
connected by a prolongation of the filament, which answers 
to the midrib of a leaf ; this is called the Connective. This 
is conspicuous in Fig. 292, where the connective is so broad 
that it separates the two cells of the anther to some distance. 

289. A simple conception of the morphological relation of 
an anther to a leaf is given in Fig. 295, an ideal figure, the lower part rep- 
resenting a stamen with the top of its anther cut away; the upper, the 
corresponding upper part of a leaf. 

Fia. 292. Stamen of Isopyrum, with innate anther. 293. Of Tulip- tree, with 
adnate (and eztrorse) anther. 294. Of Evening Primrose, with versatile anther. 

Fig. 295. Diagram of the lower part of an anther, cat across above, and the upper 
part of a leaf, to show how the one answers to the other; the filament to petiole, 
the connective to midrib ; the two cells to the right and left halves of the blade. 
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290. So anthers are generallj iwo-eelled. But as the pollen begins to 
form in two parts of each cell (the anterior and the posterior), sometimes 
these two strata are not confluent, and the anther even at maturity may be 
/our-eelledf as in Moonseed (Fig 296) ; or rather, in that case (the word 

cell being used for each lateral lialf of the 
flF\ ^^^^i f^ "^ organ), it is tuxhcelled, but the cells bilocel- 
UJ /\j \Jk0 late. 

291. But anthers may become one-celled, 
and that either by confluence or by suppres- 
sion. 

292. By confluence, when the two cells 
run together into one, as they nearly do in 
most species of Fentstemon (Fig. 297), more 
so in Monarda (Fig. 300), and completely 

in the Mallow (Fig. 298) and all the Mallow family. 




/ 
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Fig. 296. Stamen of Moonseed, with anther cut across; this 4-oelled, or rather 4- 
locellate. 

Fig. 297. Stamen of Fentstemon pubescens ; the two anther-cells diverging, and 
almost confluent. 

Fig. 298. Stamen of Mallow ; the anther supposed to answer to that of Fig. 297, 
but the cells completely confluent into one. 

Fig. 299. Stamen of Globe Amaranth ; very short filament bearing a single 
anther-cell ; it is open from top to bottom, showing the pollen within. 

Fig. 300-305. Stamens of several plants of the Labiate or Mint Family. Fio. 
300. Of a Monai-da : the two anther^^ells with bases divergent so that they are 
transverse to the filament, and their contiguous tips confluent, so as to form one 
cell opening by a continuous line. Fig. 801. Of a Calamintha: the broad connec- 
tive separating the two cells. Fig. 302. Of a Sage (Salvia Texana ; with long and 
slender connective resembling forks of the filament, one bearing a good anther-cell ; 
the other ^n abortive or poor one. Fig. 303. Another Sage (S. coccinea), with 
connective longer and more thread-shaped, the lower fork having its anther-cell 
wholly wanting. Fio. 304. Of a White Sage, Audibertia grandiflora; the lower 
fork of connective a mere vestige. Fig. 305. Of another White Sage (A. stacby* 
oides), the lower fork of connective suppressed. 
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293. Bj suppressioi; m oeriain cases the anther maj be reduced to one 
cell or halved. In Globe Amaranth (Fig. 299) there is a single cell without 
Yestige of any other. Different species of Sage and of the White Sages of 
California show Yarious grades of abortion of one of the anther-eeUs, along 
with a singular lengthening of the connecti?e (Fig. 302-305). 

294. The splitting open of an anther for the discliarge of its polkn is 
termed Its DehUcenee. 

295. As the figures show, this is oommonlj bj a line along the whole 
length of each cell, either lateral or, 

when the anthers are extrorse, often 
along the outer face, and when introrse, 
along the inner face of each cell. Some- 
times the opening is only by a chink, hole, 
or pore at the top, as in the Azalea, Py- 
rola (Fig. 307), etc. ; sometimes a part of 
the face separates as a sort of trap-door 
(or valve), hinged at the top, and open- 
ing to allow the escape of the pollen, 
as in the Sassafras, Spice-bush, and Barberry (Fig. 308). 

296. Pollen. This is the powdery matter, commonly of a yellow color, 
which fills the cells of the anther, and is discharged during blossoming, 
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after which the stamens generally fall or wither away. Under the micro- 
scope it \& found to consist of grains, usually round or oval, and all alike 
in the same species, but very different in different plants. So that the 
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plant may sometimes be recognized from the pollen alone. Several forms 
are shown in the accompanying figures. 

Fio. 306. Stamen with the nsual dehiscence of auther down the side of each cell. 

Fio. 307. Stamen of Pyrola; cells opening by a terminal hole. 

Fio. 308< Stamen of Barbeiry; cells of anther each opening by an uplifted valve. 

Fio. 309. Magnified pollen of a Lily, smooth and oval; 310, of Echinocystis, 
grooved lengthwise; 811, of Sicyos, with bristly points and smooth bands; 312, of 
Musk Plant (Mimulus), with spiral grooves; 313, of Succory, twelve-sided and 
dotted. 

Fig. 314. Magnified pollen of Hibiscus and other Mallow-plants, beset with 
prickly projections ; 315, of Circsea, with angles beaiing little lobes; 316, of Fven- 
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297- An ordiurj poSen^Fnun hu two oofttB ; the oater coat ihickish, 
but weik, aud freqncntlj ■domed with linea or bandg, or studded with 
points ; the inner co«t is extremelj thiu aud delicate, but eiteosible, nnd 
its csTitj when fresh contains a thickiah protoplaamic fluid, often rendered 
turbid bj an immense number of miuate particles that float in it. As the 
poUen matnies this fluid usuallj dries up, but tbe protoplasm does not lose 
its vilalitj. Wlieu the grain is wetted it absorbs water, swells up, and ia 
apt to burst, dischaiging the couteuts. But when weak 
Bjrup is used it absorbs tliia slowlj, and the toagb in- 
ner coat will sometimes break through the outer a 
begin a kind of growth, hke that which takes place wben 
tbe poUeu is placed upou the stigma. 

298. Some pollen -grains are, as it 
were, lobed (as iu Fig. 315, 316), or 
formed of four grains united (as in tbe 

Heath famay, Fig. 317) : that of Pine Q ^ ® a 

(Fig. 318) has a large rounded and emptj ^ ® J^ ergg,*^ 

bladder-like eipaosion upou each side. 
This renders such polleu ferj huojant, 
and capable of being trans- 
ported to a great distance At 
by the wind. (f^i 

399. In species of Acacia \ ji 
simple grains lightly cohere j^ ^ 
inUi globular pellets. In fjf ^ 

Milkweeds and in most sis su im 

Orchids all tbe pullpn of an 

anther^iell is compacted or coherent into one mass, called a Pollen-matt, or 
PoLLiNiuM, plural PoLLiNiA. (Fig. 319-322.) 

ing Primmse, the three lohes u large as the central bod;; 317^ of Kalmia, four 
grains united, as in most or the Heath family; 818, of Pine, u it were of thrs* 
grains or cells united ; the lateral empty and light. 

FlQ. 319. Pollen, a pair of )io1liDia of a Uilkweed, AeclepiBi, attached bj ilalkg 
to a gland; moderately magniHed. 

Flo. 32a Foltinium of an Orchis (Hflbetiiria}, with its stalk attached to i 
Eticky gland; magnified. 321. Some of the packets or paHdol pollinia, of which 
Fig. 320 is made up, more niHgnilied. 

FlO. 322. One of the partial pollinia, torn np at top to show the graiDB (which 
are each composed of four), and highly msgnlflad. 
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Section X. PISTILS IN PARTICULAR. 

§ 1. ANGIOSPERMOUS OB ORDINARY QTNOBCIUM. 

300. QyiuBGinm is the technical name for the pistil or pistils of a 
flower taken collectively, or for whatever stands in pkce of these. The 
yarions modifications of the gynoBciom and the terms which relate to 
them require particular attention. 

301. The Pistil, when only one, occupies the centre of the flower; 
when there are two pistils, they stand facing each other in tlie centre of 
the flower ; when several, they commonly form a ring or circle ; and when 
very numerous, they are generally crowded in rows or spirals on the sur- 
face of a more or less enlarged or elongated receptacle. Their number 
gives rise to certain terms, the counterpart of those used for stamens (284), 
which are survivab of the names of orders in the Linnsan artificial system. 
The names were coined by prefixing Greek numerab to ^gynia used for 
gynGBcium, and changed into adjectives in the form of -gynoua. That is, a 
flower is 

MonogytiouSi when it has a single pistil, whether that be simple or com- 
pound; 

Diggnou8, when it has only two pistils; Triggnous, when with three; 
Tetraggnous^ with four; Pefitaggnou8y with five; Hexaggnou»y with six; 
and so on to Polgggnous, with many pistils. 

302. The Parts of a Complete Pistil, as already twice expkined (16, 
236), are the Ovary, the Style, and the Stigma. The ovary is one es- 
sential part: it contains the rudiments of seeds, called Ovules. The 
stigma at the summit is also essential : it receives the pollen, which fer- 
tilizes the ovules in order that they may become seeds. But the style, 
commonly a tapering or slender column borne on the summit of the ovary, 
and bearing the stigma on its apex or its side, is no more necessary to a 
pistil than the filament is to the stamen. Accordingly, there is no style in 
many pistils : in these the stigma is sessile^ that is, rests directly on the 
ovary (as in Fig. 326). The stigma is very various in shape and appear- 
ance, being sometimes a little knob (as in the Cherry, Tig. 271), sometimes 
a point or small surface of bare tissue (as in Tig. 327-330), and sometimes 
a longitudinal crest or line (as in Fig. 324, 341-343), or it may occupy tlie 
whole length of the style, as in Fig. 331. 

303. The word Pistil (Latin, PUtillujn) means a pestle. It came into 
use in the first place for such fiowers as those of Crown Imperial, or Lily, 
in which the pistil in the centre was likened to the pestle, and the perianth 
around it to the mortar, of the apothecary. 

304. A pistil is either simple or compound. It is simple when it answers 
to a single fiower-leaf, compound when it answers to two or three, or a 
fuller circle of such leaves conjoined. 
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305. Oarpels. U is oonTenient to have h nanie for each flower-leaf of 

tbe gjuceciuni; so it is called a Carpel, in Itftiu CarpelluM or Carpidium. 
A simple piatil is a carpel. Eacli (iompouent fluwer-leaf of a compound 
pistil is likewise a carpel. WLeii a flower has two or more pistils, these 
of course are simple pistils, that is, separate carpels or pistil-leaves. There 
maj be onl; a single simple pistil to the flower, as in a Fea or Cherrj 
blossom (Fig. S71) ; there uaj be two such, as iu niauy Saxifrages ; or 
many, as iu the Strawberi^. More commool; the siugle pistil in the 
centre of a blossom b a coropouud one. Tlicu there is seldom much 
difficulty iu ascertaiuiag tbe number of carpels or pistil'leaves that com- 

306. The Simple Pistil, viewed niorpbologicallj, answers to a leaf- 
blade with margins iucuvved and uuited where they meet, so forming a 
closed case or pod (the ovary), and bearing ovules at the suture or junction 
of these margins ; a tapering upper portiou with margins similarly inroUed, 
is supposed tn form the style ; and these same margins, exposed at the tip 
or for a portion of the lengtii, become the stigma. Compare, under this 
view, the three accompanying figures. 

307. So a simple pistil should have a one.celIed ovary, only one line of 
attachment for the ovules, a single style, 
aud a single stigma. Certain variations 
from this normal condition which some- 
times occur do not invalidate this mor- 

I phological couceptiou. For instance, the 
stigma may become two-lobed or two- 
ridged, because it consists of two leaf- 
margins, as Fig. 3S4 shows ; it may 
become S-looellate by the turning or grow- 
ing inward of one of the sutures, so as to 
divide the cavity. 

303. There are two or three terms wbicb primarily relate to the parts 
of a simple pistil or carpel, and are thence carried on to the compound 
pistil, viz. : — 

Vbnthal Stitube, the line wbich answers to the united margins of the 
carpel-leaf, therefore naturally called a suture or seam, and the ventral 
or inner one, because in the circle of carpel-leaves it looks iuward or to the 
centre of the flower. 

DoBS&L SuiDER is the line down the back of the carpel, answering to 

Pis. 323. Ao inrolted emull leaf, sach as in donble-flowered Cherry MdaBoma ii 
often seen to occupy the plaee of a pistil. 

Pig. 324. A simple pistil (of l9opjTum>, with ovary cut sctobb ; the inner (ven- 
tral) face turned toward the eye: theovn1«s seem to be borne on the veotral sntnre, 
answering to leaf-ma.rgina : the stigma above seen also to answer to leaf-margins. 

Pio. 325. Poi^ or simple pistil of Caltha or Msnh-Uarigold, which has opened, 
and shed its seeds. 
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the midrib of the leaf, — not a seam therefore ; but at maturity many fruits, 
such as pea-pods, open by this dorsal as well as by the ventral line. 

Placenta, a name given to the surface, whatever it be, which bears 
the ovules and seeds. The name may be needless when the ovules grow 
directly on the ventral suture, or from its top or bottom ; but when there 
are many ovules there is usually some expansion of an ovule-bearing 
or seed-bearing surface; as is seen in our Mandrake or Podophyllum, 
Pig. 326. 

309. A Compound Pistil is a combination of two, three, or a greater 
number of pistil-leaves or carpels in a circle, united into one body, at least 
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by their ovaries. The annexed figures should make it clear. A series 
of Saxifrages might be selected the gynoecium of which would show every 
gradation between two simple pistils, or separate carpels, and their com- 
plete coalescence into one compound and two-celled ovary. Even when 
the constituent styles and stigmas are completely coalescent into one, tbe 
nature of the combination is usually revealed by some external lines or 
grooves, or (as in Pig. 328-330) by the internal partitions, or the number 
of the placentae. The simplest case of compound pistil is that 

310. With two or more Cells ajid Axile Placentse, namely, with as 
many cells as there are carpels, that have united to compose the organ. 

Fig. 326. Simple pistil of Podophyllum, cut across, showing ovules borne on 
placenta. 

FiQ. 327. Pistil of a Saxifrage, of two simple carpels or pistil-leaves, united at 
the base only, cut across both above and below. 

Fig. 328. Compound 3-carpellary pistil of common St. John's-wort, cut across : 
the three styles separate. 

Fig. 329. The same of shrubby St. John*s-wort ; the three styles as well as 
ovaries here united into one. 

Fig. 330. Compound 3-carpellary pistil of Tradescantia or Spiderwort ; the three 
stigmas as well as styles and ovary completely coalescent into one. 
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Such a pistil is jast what would be formed if the simple pistils (two, three, 

or five ill a circle, as the case may be), like those of a Pseouy or Stonecrop 

(Fig. 224, 225), pressed together in the centre of the flower, 

were to cohere by their contiguous parts. In such a case 

the placentsB are naturally axile, or all brought together in 

the axis or centre ; and the ovary has as many Dissepiments, 

or internal Partitions y as there are carpels in its composition. 

For these are the contiguous and coalesceut wails or sides of 

the component carpels. When such pistils ripen into pods, 

they often separate along these lines into their elementary 

carpels. 

311. One-celled, with free Central Placenta. The 
commoner case is that of Purslane (Fig. 272) and of the 
Pink and Chick weed families (Fig. 331, 332). This is ex- 
plained by supposing that the partitions (such as those of 
Fig. 329) have early vanished or have been suppressed. In- 
deed, traces of them may often be detected in Pinks. On the other hand, 
it is equally supposable that in the Primula family the free central is do- 
rived from parietal placentation by the carpels bearing ovules 
only at base, and forming a consolidated common placenta 
in the axis. Mitella and Dionsea help out this conception. 

312. One-celled, with Parietal Placentas. In this not 
uncommon case it is conceived that the two or three or 
more carpel-leaves of such a compound pistil coalesce by 
their adjacent edges, just as sepal-leaves do to form a gamo- 

sepalous calyx, 
or petals to form 
a gamopetalous 
corolla, and as 
is shown in the 
diagram, Fig. 
333, and in an 
actual cross-sec- 
lion, Fig. 334. Here each carpel is an open leaf, or with some introflexlon, 
bearing ovules along its margins ; and each placenta consists of the con- 
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Fig. 331, 332. Pistil of a Sandwort, with vertical and transverse section of tha 
ovary : free central placenta. 

Fig. 333. Plan of a one-celled ovary of three carpel-leaves, with parietal pla- 
centsB, cut across below, where it is complete ; the upper part showing the top of 
the three leaves it is composed of, approaching, but not united. 

Fig. 334. Cross section of the ovary of Frost- weed (Helianthemum), with three 
parietal placenta, bearing ovules. 

Fig. 836. Cross section of an ovary of Hypericum graveolens, the three large pla- 
centsB meeting in the centre, so as to form a three-celled ovary. 836. Same in fruit, 
the placenta now separate and rounded* 
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ligaous ma^iiu of two putfl-baTcs grovu together. Then u etcr; gndm- 
tioD between ibia and tlte tbree-<«lled ovar^ wilb the pUcenln ia tlie axis, 
even in the same genus, someiiaei eren in different stage* io the wme 
pistil (Fig. 336, 336). 

f 2. OTMNOSPERHOtra QYNOtCIOIL 

313. The ordinal; piatil has a closed ovary, and acoordinf^j the pdlen 
can act npon the contained ovules odI; indirectlj, Uiroogh the Bttgaia.< 
This is expressed in a term of Greek deriration, viz. : — 

Angiospfrmo»t, meaiuDg that the seeds are home in a sac or closed 
vesseL The counterpart tenn is 

QymnotpenKout, meaniog naked-seeded. This kind of [ostil, or gjn<E> 
cinni, the simplest of all, jet the most peculiar, chankcterizes the Piue 
Eamilj and iis relatives. 

311. While the ordinar; simple pistil is conceived b; the botaoiat to 
^g^^k be a leaf rolled tt^tlier into a closed pod (306), those of the 
^H^ Pine, Larch (Fig. 337), Cedar, and Arbor. VJtss (Fig. 338, 
^EjjDP 339) are opeu leaves, iu the form of scales, each bearing two 

^^^ or more oinles on the Inner face, nett the base. At the time 
^^ of hlussoniing, these pistil-leaves of the joung cone diverge, 

and the pollen, so abundaiitl; shed from the stani- 
inate blossoms, falls directly npon the exposed 
ovules. Afterward the scales close over each 
other until the seeds are ripe. Then the; sepa- 
rate that the seeds ma; be shed. As the pollen 
acts direcllj on the ovules, such pistil (or oi^an 
acting as pistil) has no stigma. 

315. In the Yew, and in Torreja and Gingko, 
the gjniscium ia reduced to extrcmest simplicitj, 
that is, to a naked ovule, without anj visible 

316, In Cjcas the laige nalted ovules are borne 

on the margius or lobes of an obvious open leaf. All GiHNOSFEUioua 
plants have other peculiarities, also distinguishing tbem, as a class, from 

Ahoiosfeemovs plants. 

Fio. 337. Apielil, thst is, a scalfl of the cone, ofa Larch, at the time of flower, 
lug; Inshle view, showing its pair or naked ovules. 

Fig. 338. Bnmohlet of the Amerlcsn Arbor- Vita, considerably larger than In 
natnre, terminated by its pistillata flowers, each consisting of a siogle scale (an 
open pistil), together forming a small cone. 

Fio. 339. One of the scalei or carpels of the last, removed and more enlai^ed, 
tlie inside exposed to view, sbowing a pair of ovuIbs on its base- 
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317. Ovule (from the Latin, meaning a little egg) is the technical name 
of that which in the flower answers to and becomes tiie seed. 

318. Ovules are naked in gjmnospermous plants (as just described) ; in 
all others they are enclosed in the ovary. They may be produced along the 

whole length of the cell or cells of the ovary, and then they are 
apt to be numerous ; or only from some part of it, generally 
the top or the bottom. In this case they are usually few or 
single {solitary y as in Fig. 341-343). They may be sessile, 
i. e. without stalk, or they may be attached by a distinct stalk, 
^^ the FuNicLE or Funiculus (Fig. 340). 

319. Considered as to their position and direction in the ovary, they are 
Horizontal, when they are neither turned upward nor downward, as in 

Podophyllum (Fig. 326) ; 

Ascending^ when rising obliquely upwards, usually from the side of the 
cell, not from its very base, as in the But- 
tercup (Fig. 341), and the Purslane (Fig. 
272); 

Erect, when rising upright from the 
very base of the cell, as in the Buck- 
wheat (Fig. 342) ; 

Pendulous, when hanging from the 841 842 

side or from near tlie top, as in the Flax (Fig. 270) ; and 

Suspended, when hanging perpendicularly from the very summit of the 
cell, as in the Anemone (Fig. 343). All these terms equally apply to 
seeds. 

320. In structure an ovule is a pulpy mass of tissue, usually with one 
or two coats or coverings. The following parts are to be noted ; viz : — 

Keenel or Nucleus, the body of the ovule. In the Mistletoe and some 
related plants, there is only this nucleus, the coats being wanting. 

Teguments, or coats, sometimes only one, more commonly two. When 
two, one has been called Pkimine, the other Secundine. It will serve all 
purposes to call them simply outer and inner ovule-coats. 

Orifice, or Foramen, an opening through the coats at the organic apex 
of the ovule. In the seed it is Micropyle. 

Chalaza, the place where the coats and the kernel of the ovule blend. 

HiLUM, the place of junction of the funiculus with the body of the ovule. 
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Fio. 340. A cluster of ovules, pendulous on their funicles. 
Fia. 841. Section of the ovary of a Buttercup, lengthwise, showing its ascending 
ovule. 
Fig. 342. Section of the ovary of Buckwheat, showing the erect ovnlew 
Fig. 343. Section of the ovary of Anemone, showing its suspended ovule. 
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331. The Kinds of Ovnl6& The ovules in their growth deyelop in 
three or four different ways, and thereby are distinguished into 

Orihotropous or Straight, those which develop without curving or turn- 
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ing, as in Fig. 344. The chalaza is at the insertion or base ; the foramen 
or orifice is at the apex. This is the simplest, but the least common kind of 
ovule. 

Campyloiropous or Incurved, in which, by the greater growth of one side. 
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the ovule curves into a kidney-shaped outline, so bringing the orifice down 
close to the base or chalaza; as in Fig. 345. 

Amphitropous or HcUf-Inveried, Fig. 346. Here 
the forming ovule, instead of curving perceptibly, 
keeps its axis nearly straight, and, as it grows, turns 
round upon its base so far as to become transverse to 
its funiculus, and adnate to its upper part for some 
distance. Therefore in this case the attachment of 
the funiculus or stalk is about the middle, the chal- 
aza is at one end, the orifice at the other. 

Anatropous or Inverted, as in Fig. 347, the com- 
monest kind, so called because in its growth it has 
as it were turned over upon its stalk, to which it has continued adnate. 
The organic base, or chalaza, thus becomes the apparent summit, and the 




Fia. 344. Orthotropous ovule of Buckwheat : c, hilnm and chalaza; /, orifice. 

Fig. 345. Campylotropous ovule of a Chick weed: c, hilum and chalaza; /, orifice. 

Fio. 346. Amphitropous ovule of Mallow:/, orifice; h, hilnm; r, rhaphe; c, 
chalaza. 

Fig. 347. Anatropous ovule of a Violet; the parts lettered as in the last. 

Fig. 348-350. Three early stages in the growth of ovule of a Magnolia, showing 
the forming outer and inner coats, which, even in the later figure have not yet 
completely enclosed the nucleus ; 351, further advanced, and 352, completely ana- 
tropous ovule. 

Fig. 353. Longitudinal section, and 354, transverse section of 852. 

Fig. 355. Same as 353, enlarged, showing the parts in section : a, outer coat ; 
(, inner coat; c, nucleus; d, rhaphe* 
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oriBce ii at the hue, by the side ot the bUum or place of attachment. The 
aduate portion of the funiculiu, which appean as a ridge or cord extending 
froDi the hilum to the chalau, and which distinguishes this kind of ornle, 
is called the Rhafhe. The amphilropous ovule (Fig- 346) has a short or 
inoomptele rhapbe. 

3i8. Fig. 348-353 show the stagei throngb which an otuIo becomes 
aiutropous in the course of its growth. The anneied two figum are sec- 
tions of such an ovule at maturity ; and Fig. 355 is Fig. 353 enlarged, 
with the parts lettered. 



Skctiow XIL modifications OP THE EECEPTACLE. 

383. The Torns or Receptacle of the flower (337, Fig. 323) b the por- 
tion wUicli belongs to the stem or axis. In all preceding ilEustratious it is 
BOiall and short. But it sometimes lengthens, sometimes thickens or vari- 
ously enlaiges, and takes on various forms. Some of tbese have received 
speinal names, very few of which are in common use. A lengthened por- 
tion of the receptacle is called 

A Stipb. This name, which means simply a trunk c 




botany for various stalks, even for the leaf-stalk in Ferns. It is also applied 
to the stalk or petiole of a carpel, in the rare cases when there is any, b9 in 

FiQ. 356. Longitodlnal section of flower of Silene FeUDSjlTiiaiCB, ahowing itipe 
betweeD calyx anii <»ro11&. 

PiQ. 3S7. Flower of n Cleome of the section GynBndropsis, ahowing broadened 
receptaclB to bear petals, lengthened stipe below the stamens, and anothar between 
these and pistil. 

Fio. 358. Pistil of Oeraninm or Cr^esbiU. 

FlO. 359. The same, ripe, with the five carpels splitting awej Oom the long 
beak (carpophore), and hanging from its top bj their recarviog styles. 
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GoUtluead. Tben ft la technical]; distingnishcd-u I Thkcapbobe. 'Wben 
there is a stalk, or lengthened intemode of receptacle, direct); luider s 
compoond pistil, as in Stanleja and some other Crucifene, it is calkd k 
GiNDFHO&B. Wlicn tbe stalk is dereloped below the stamens, as in most 
species of Silene (Fig. 356), it has been called an ANTBOPaOBX or GoKO- 
FUOKK. lu Fig. 357 the torus b dihited aboTe the caljx vhere it bears 
tbe petals, then there is a long intemode (gonophore] between it and tho 
staiuens ; then a shorter one (gjnophore) between these and the pistil 

334. A Carpopbore is a proluugation of receptacle or axis between the 
carpels and beaiiug tlicm. Umbelliferous plants and Oeranium (Fig. S58, 
359) afford cbanicteristic examples. 

325, Flowers with vetj numerous simple pistils generallj hare the re- 
ceptacle enlarged so as to give tliem room ; sometimes becoming broad and 
4at, as in the Flowering Raspberry, sometimes elongated, as in the Black- 



berry, the Magnolia, etc. It is tbe receptacle in the Strawberry (Fig. 360), 
much enlarged aad pulpj when ripe, which forms the eatable part of the 
fruit, and bears the small seed-like pistils on its surface. lu the Rose 
(Fig. 361), instead of being convei or conical, the receptacle is deeply 
eoncaTe, or urn-shaped. Indeed, a Rose-hip may be likened to a straw- 
berry turned iiiaide out, like the finger of a glove reversed, 
»nd the whole covered by the adherent tube of the calyi. 
Tlie calyi remains beneath la tbe strawberry. 

336. In Nelumbium, of the Water-Lily family, the aingu- 
hir and greatly eolanjed receptacle is shaped like a top, and 
bears the small pistils immersed in separate cavities of its flat T 
upper surface (Fig. 363). 

327- A Wfik is an eulaigcd low receptacle or an > 
growth from it, kypoggnoia when underneath tie pistil, as in 
Rue and the Orange (Fig. 3S3), and periggHOui wlten aduat« 
to calyx-tube (as in Bucktliom, Fig. 36*, 365), and Cherry (Fig. 371), ot 

Fia 360. LongitniiiDal aection of a jroong Btravbeiry, enlai^^ 

Fio. 361. Similar section of a ;onng Rose-liip, 

Fio. 362. Enlarged and top-sliBped receptacle of Neluubium, at matniitj. 

Fio. 363. Uypogynona disk in Orange. 
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to both calyx-tube and ovary, as in Hawthorn (Fig. 273). A flattened 

hypogyuous disk, underlying the ovary 
or ovaries, and from which they £Edl 
away at maturity, is sometimes called 
a Gyngbase, as in the Rue family. 
In some Borragineous flowers, such as 
Houndstougue, the gynobase runs up 
in the centre between the carpels into 

a carpophore. The so-called epigynous disk (or STTLOPODroM) crowning 

the summit of the ovary in flowers of Umbellifene, etc., cannot be said to 

belong to the receptacle. 




Section XIIL FERTILIZATION. 

328. The end of the flower is attained when the ovules become seeds. 
A flower remains for a certain time (longer or shorter according to the 
species) in antheais, that is, in the proper state for the fulfilment of this 
end. During antbesis, the ovules have to be fertilized by tbe pollen ; or at 
least some pollen has to reach the stigma, or in gymnospermy the ovule 
itself, and to set up the peculiar growth upon its moist and permeable tis- 
sue, which has for result the production of an embryo in the ovules. By 
this the ovules are said to be fertilized. The first step is poUination, or, 
so to say, the sowing of the proper pollen upon the stigma, where it is to 
germinate. 

$ 1. ADAPTATIONS FOR POLLINATION OP THE STIGMA 

329. These various and ever-interesting adaptations and processes are 
illustrated in the "Botanical Text Book, Structural Botany," chap. VI. 
sect, iv., also in a brief and simple way in " Botany for Young People, How 
Plants Behave." So mere outlines only are given here. 

330. Sometimes tlie application of pollen to the stigma is left to chance, 
as in dicBcious wind-fertilized fiowers ; sometimes it is rendered very sure, 
as ill flowers that are fertilized in the bud ; sometimes the pollen is prevented 
from reaching the stigma of the same flower, although placed very near to 
it, but then there are always arrangements for its transference to the stigma 
of some other blossom of the kind. It is among these last that the most 
exquisite adaptations are met with. 

331. Accordingly, some flowers are particularly adapted to close or self- 
fertilization ; others to cross fertilization ; some for either, according to 
circumstances. 



Fig. 364. Flower of a Buckthorn showing a conspicuoos perigynous disk. 
FiQ. 366. Vertical section of same flower. 
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Close Fertilization occurs vhen the pollen reaches and acts upon a stigma 
of the very same flower (this is also called self-fertilization), or, less closely, 
upon other blossoms of the same clustei or the same individual plant. 

Cross Fertilization occurs when ovules are fertilized by pollen of other 
individuals of the same species. 

Hybridization occurs when ovules are fertilized by poDen of some other 
(necessarily some nearly related) species. 

332. Close Fertilization would seem to be the natural result in ordi* 
nary hermaphrodite flowers ; but it is by no means so in all of them. More 
commonly the arrangements are such that it takes place only after some 
opportunity for cross fertilization has been afforded. But close fertiliza- 
tion is inevitable in what are called 

Cleistogamous Flowers, that is, in those which are fertilized in the flower-, 
bud, while still unopened. Most flowers of tbis kind, indeed, never open 
at all ; but the closed floral coverings aie forced off by the growth of the 
precociously fertib'zed pistil. Common examples of this are found in the 
earlier blossoms of Specularia perfoliata, in the later ones of most Violets, es- 
pecially the stemless species, in our wild Jewel weeds or Impatiens, in the 
subterranean shoots of Amphicarpiea. Every .plant which produces these 
cleistogamous or bud-fertilized flowers bears also more conspicuous and 
open flowers, usually of bright colors. The latter very commonly fail to 
set seed, but the former are prolific. 

833. Cross Fertilization is naturally provided for in dicecious phmts 
(249), is much favored in monoecious plants (249), and hardly less so in 
dichogamous and in heterogonous flowers (338). Cross fertilization depends 
upon the transportation of pollen ; and the two principal agents of convey- 
ance are winds and insects. Most flowers are in their whole structure 
adapted either to ihe one or to the other. 

334. Wind-fertilizable or Anemophilons flowers are more commonly 
dicecious or monoecious, as in Pines and all coniferous trees. Oaks, and 
Birches, and Sedges ; yet sometimes hermaphrodite, as in Plantains and 
most Grasses ; they produce a superabundance of very light pollen, adapted 
to be wind-bonie; and they offer neither nectar to feed winged insects, 
nor fragrance nor bright colors to attract them. 

335. Insect>-fertilizable or Entomophilous flowers are those which 
are sought by insects, for pollen or for nectar, or for both. Through their 
visits pollen is conveyed from one flower and from one plant to another. 
Insects are attracted to such blossoms by their bright colors, or their fra- 
grance, or by the nectar (the material of honev) there provided for them. 
While supplying their own needs, they carry pollen from anthers to stigmas 
and from plant to plant, thus bringing about a certain amount of cross fer- 
tilization. Willows and some other dioecious flowers are so fertilized, 
chiefly by bees. But most insect-visited flowers have the stamens and pis- 
tils associated either in the same or in contiguous blossoms. Even when 
in the same blossom, anthers and stigmas are very commonly so situated 
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that under inseci-visitatioii) some pollen is more likely to be deposited upon 
other than upon own stigmas, so giving a chauce for cross as well as for 
close fertilization. Ou the other hand, numerous flowers, of very various 
kinds, have their parts so arranged that they must almost necessarily be cross- 
fertilized or be barren, and are therefore dependent upon the aid of insects. 
This aid is secured by different exquisite adaptations and contrivances, 
which would need a volume for full illustration. Indeed^ there is a good 
number of volumes devoted to this subject.^ 

336. Some of the adaptations which favor or ensure cross fertilization 
are peculiar to the particular kind of blossom. Orchids, Milkweeds, Kal- 
mia. Iris, and papilionaceous flowers each have their own special contriv- 
ances, quite different for each. 

337. Irregular flowers (253) and especially irregular corollas are usu- 
ally adaptations to iusect-visita4ion. So are all Nectaries, whether hollow 
spurs, sacs, or 'other concavities in ^rhich nectar is secreted, and all nectar- 
iferous glands. 

338. Moreover, there are two arrangements for cross fertilization com- 
mon to hermaphrodite flowers in various different families of plants, which 
have received special names. Dichogamy and Heterogony. 

339. Diohogamy is the commoner case. Flowers are dichogamous when 
the authers discharge their pollen either before or after the stigmas of that 
flower are in a condition to receive it. Such flowers are 

ProterandrouSj when the anthers are earlier than the stigmas, as in Gen- 
tians, Campanula, Epilobium, etc. 

Proterogynous, when the stigmas are mature and moistened for the re- 
ception of pollen, before the authers of that blossom are ready to supply 
it, and are withered before that pollen can be supplied. Plantains or 
Ribworts (mostly wind-fertilized) are strikingly proterogynous : so is Amor- 
pha, our Papaws, Scrophularia, and in a less degree the blossom of Pears, 
Hawthorns, and Horse-chestnut. 

340. In Sabbatia, the large-flowered species of Epilobium, and strikingly 
in Clerodendron, the dichogamy is supplemented and perfected by move- 
ments of the stamens and style, one or both, adjusted to make sure of 
cross fertilization. 

341. Heterogony. This is the case in which hermaphrodite and fer- 
tile flowers of two sorts are produced on different individuals of the same 
species ; one sort having higher anthers and lower stigmas, the other hav- 
ing higher stigmas and lower anthers. Thus reciprocally disposed, a visit- 
ing insect carries pollen from the high anthers of the one to the high stigma 
of the other, and from the low anthers of the one to the low stigma of the 
other. These plants are practically as if dioecious, with the advantage that 

^ Beginning with one by C. C. Sprengel in 1793, and again in our day with 
Darwin, " On the Various Contrivances by which Orchids are fertilized by Insects," 
and in succeeding works. 
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both kinds are fraitfoL Hoastonia and MitcbeUa, or Eartridge-berrj, are 
excellent and familiar examples. These are cases of 

Heterogone Dimorpkum, the relative lengths being only short and long 
reciprocally. 

Heterogone Trimorphismt in which there is a roid-Iength as well as a long 
and a short set of stamens and style; occurs in Ly thrum Salicaria and some 
species of Oxalis. 

343. There must be some essential advantage in cross fertilization or 
cross breeding. Otherwise all tbese various, elaborate, and exquisitely 
adjusted adaptations would be aimless. Doubtless the advantage is the 
same as that which is realized in all the higher animals by the distinclion 
of sexes. 

{ 2. ACnON OP POLLEN, AND FORMATION OF THE EMBRYO. 

343. PoUen-growth. A grain of pollen may be justly Ukened to one 
of the simple bodies (spores) which answer for seeds in Cryptogamous plants. 
Like one of these, it is capable of germination. When deposited upon the 
moist surface of the stigma (or in some cases even when at a certain dis- 
tance) it grows from some point, its living inner coat breaking through the 
inert outer coat, and protruding in the form of a delicate tube. This as it 
lengthens penetrates the loose tissue of the stigma and of a loose conduct- 
ing tissue in the style, feeds upon the nourishing liquid matter there pro- 
vided, reaches the cavity of the ovary, enters the orifice of an ovule, and 
attaches its extremity to a sac, or the lining of a definite cavity, in the 
ovule, called the Fmbryo-Sae. 

344. Origination of the Embryo. A globule of living matter in the 
embryo-sac is formed, and is in some way placed in close proximity to the 
apex of the pollen tube ; it probably absorbs tlie contents of the latter ; it 
then sets up a special growth, and the Embryo (8-10) or rudimentary 
pUmtlet in the seed is the result. 



Section XIV. THE FfiUIT. 

345. Its Natore. The ovary matures into the Pruit. In the strictest 
sense the fruit is the seed-vessel, technically named the Pericarp. But 
practically it may include other parts organically connected with the peri- 
carp. Especially the calyx, or a part of it, is often incorporated with the 
ovary, so as to be undistinguishably a portion of the pericarp, and it even 
forms along with the receptacle the whole bulk of such edible fruits as 
apples and pears. The receptacle is an obvious part in blackberries, and 
is the whole edible portion in the strawben'y. 

346. Also a cluster of distinct carpels may, in ripening, be consolidated 
or compacted, so as practically to be taken for one fruit. Such are raspber- 
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ries, blaclibetries, tlie M^nolia fruit, etc. MoreoTer, the ripened product 
of m&Dj flowen maj be compacted or grown together so as to form a single 
oompouud fruit. 

347- Its Unda hitTe therefore to be distinguished. Also various names 
of common use in descriptive botanj have to be mentioned and defined. 

348. In respect to composition, BCcordiugl;, fruits maj be classified 

SinpU, tLose which result from tbs ripening of a single pistil, and con- 
sist onlj of the matured ovary, either bj itself, as in a cherry, or with 
cal;x-tube completclj incorporated with it, as in a goosebeny or cranberry. 
Aggregate, when a cluster of carpels of the same flower are crowded into 
'n raspberries and blackberries. 

or Antioearpotu, when the surroundings or supports of the 

pistil make up a i>srt of tbe mass ; as does 

the loose calyx changed into a fleshy and 

berry-like envelope of our Wintergreen 

(Gaultlieria, Fig. 366, 367) and BuSalo- 

berry, nliich are otherwise simple fruits. 

Id an aggregate fruit such as the straw. 

*8 887 berry the great mass is receptacle (Pig. 

S60, 36S) ; aud in the blackberry (Fig. 369) the juicy receptacle forms the 

central part of the savory mass. 

Mnlliple or CoUective, when formed from several flowers consolidated 

s, of which tlie o 




receptacle or aiis of inflorescence, 
the floral envelopes, and even the 
bracts, etc., make a part, A mul- 
berry (Fig. 108, which auperfldally 
much resembles a 
blackberry) is of this 
multiplesort. Apine- 
apple is another ex- 

349. Iq respect to 

texture or consist- 

888 as B70 ence, fruit* may be 

distingubhed into three kinds, viz. : — 

Fle$hg Fmiti, those which are more or less soft and juicy throvghout; 

Flo. 366. Fanning fntlt (cspanle] of Oaultheria, vitli caljz thickening around 
it< base. S67. Section of tame mRture, the berry-like calyx nesilj ei 

FlO. 868. Section of » part of a etmwbeiry. Compare vrith Pig. 380. 

Pio. 868. Similar aection of part of a blackberry. 370, One of ila a 
riinplefniita<dnipe)in Bection, Bhonting the pulp. Stone, and contained se 
eoUrged. Compan with Fig, S7G. 
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Stone Fntiti, or Dnpaeeon, the oater put fleibj like % berry, the inner 
liard or stony, like a nat ; and 

Dry Fruits, those which have uo flesh or pulp. 

350. In reference to the n; of diMemioatiug the contkined leed, fntita 
are aaid to be 

Indekiietniiihai thej do not open at matarily. Flesbj fruits and stone 
fruits are of course indehisceat. The seed becomes free onlj tbroogb 
decay or bj being fed npon bj animals. Those whicb escape digestion are 
thus disseminated bj the latter. Of drj fruits manj are indebiscent; and 
these are Tariousl; arranged to be transported bj animala. Some bnnt 
irregularly; manj are 

DeUteent, that b, the; split open regularly along certain lines, and 
discharge the seeds. A dehiscent fruit almost always contains many or 
leTcral seeds, or at least more than one seed. 




351. The principal kinds of fruit which have receired substantiFe names 
and are of common use in descriptive botany are the following. Of fleshj 
ft^ts the leading kind is 

363. The Bary, such as the gooseoerry and currant, the bluebeny 
and cranberry (Fig. 371), the tomato, and the grape. Here the whole 
flesh is soft thronghoat. The orange is a berry with a leathery rind. 

353. TbB Pepo, or Otmrd-fTuil, is a hard-rinded berry, belonging 1» 
the Gourd family, such as the pumpkin, sqnasb, cucumber, and melon. 
Fig. 372. 373. 

354. Tbe Pome is a name applied to the apple, pear (Fig. 374), and 
quince; fleshy fruits, like a berry, but the principal thickness is calyx, only 

Flo. 371. i^atj ihoot and b«rr; (cat acrou) of tbe l&rger CruiberTy, Taccinium 
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tbe p>pei7 pods uranged like ■ atar in the core reallj belonging to tha 
carpets. The frait of the Hawthorn is a drupaceous pome, something be- 
tween pome and drupe. 

335. Of fruits which are exlemallj flesh; and internallj liard the lead- 
ing kind is 

36S. Tha Dmpe, or StoMe-fmil; of which the cherry, plnm, and peach 
(Fig. 375) are familiar examples. In this the 
outer part of the thickness of the pericarp be- 

) comes deshf, or softens like a benj, while the 
inner hardens, Uke a nut. From the wa; in which 
the pistil is constructed, it is evident that the 
fieahy part here answers to the lower, and the 
stone to the upper tice of the component leaf. 
The lajera or couceutrie portions of a drupe, or 
of au; pericarp which is thua sepKrable, are named, 
' when thua distinguishable into three portions, — 

Epiearp, the ezternal layer, often the mere skin of the fruit, 
Meiocarp, the middle layer, which is commonly the fleshy part, and 
Endocarp, the innermost layer, the stone. But more commonly only two 
portions of a drupe are distioguished, and are named, the outer one 

Sarcocarp or Bxoearp, for the flesh, the first name referring to the fleshy 
oharaoler, the second to its being an external laycrj and 
Futame* or Endocarp, the Sloiu, within. 

357. Tbe typical or tme drupe is of a single carpel. But, not to multiply 
technical names, this name ia extended to all such fruits trheu 
fleshy without and stony witbiu, although of compound pistil, 
— even to tbose having scTcral or separable stones, such as the 
fruit of Holly. These stenes in such drupes, or drupaceous 
fruits, are called Fj/raue, or NtituUt, or aimply NulUti of 
the drupe. 

36S. Of Dry fruits, there is a greater diversity of kinds hav- 
ing distinct names. The indehis- 
cent sorts are commonly one- 
aeeded. 

359- The Akena or Aohe- 
niom ia a small, dry and indehia- 
ccnt one-seeded fruit, often so 
seed-like in appearance that it is *™ 877 ars 

popularly taken for a naked seed. The fruit of the Butter cap or Crowfoot 
b a good example, Fig. 376, 377- Its nature, as a ripened pistil (in tliis 

Pio. 375. LongitndiDBl fwction of a pnsch, showing fleah, stone, and seed. 

Fia. 376. Aheoe of ■ Battercnp. 377. The same, divided lengthwise, to show 
the contained geed. 

Fio. 378. Akene of Vii^'a-bower, ntsining the feathered ityle, which aids In 
dinaminatloD. 
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case a simple carpel), is ftppftrent bj its bearing the remtiiu of a stjie or 
stigma, or a scar from irtich this baa (aUen. It maj nUin the stjie aod 
nse it in various wajs fur dissemiiiatioii (Fig- 378). 

360. The fruit of ComposilK (tbongli not of a single carpel) is iIk an 
skene. la tliis case the peHcaq) is invested 
bj an adherent calji-tube ; the limb of which, 
when it has anj, is called the FiPPUa. This 
name was Srst given to the down like that of 
the Thistle, but is applied to all forma under 
wliich the iiuib of the calji of the " compound 
flower" appears. In Lettuce, Dandelion (Fig. 
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381), and the like, the acheuium as it matures tapers upwards into a aleuder 
beak, like a stalk to the pappus. 
361. A Oremocarp (E^. 385), a name given to the fruit of Umbelli- 
ferte. consists as it were of a pair of akeiies united oom- 
pletel; in the blossom, but splitting apart vLen ripe 
into the two closed carpels. Each of these is a Mfri- 
carp or Hemicarp, names seldom used. 

302. A Utricle is the aanie as an akene, but with 
nnu ^ ^^"^ ""^ bladderj loose pericarp; like that of the 
Ijl Goosefoot or Pigweed (Fig. 366). When ripe it may 

" burst open irregularlj to discbaigc the seed; or it ma; 

open bj a circular line aU round, the upper part fall- 
ing off like a lid; as in the Amaranth (Fig. 387). 
_ 363, A CaiTopsiB, or Qraln, is like an akeue with 

the seed adhering to the thin pericarp llirougiiout, bo 
that frait and seed are incorporated into one bodj ; as in wheat, Indian 
com, and other kinds of grain. 
36i. A Nut is a dry and indebiscent fruit, commonly onfr«elled and one. 

Fia. 379. Akene Df Ha]iwe«d (uo pappus). !180. That of Succory (Ita pappus & 
shallow cup). 881. Of Sunflower {pappus of two deciduons acalea). 382. Of 
8neeieweBd<Heleninni), with ita pappus Df five scales. 3S3. Of Sow-Thistle, with 
its pappus of delicate down; liairs. SS4. Of the Dandelion, its pappos raised on 
along beak. 

Fio. 3S5. Fruit (cremocarp) of Osmorrliiza; the two skene-Iike ripB carpels sep- 
arating at aiiitnritj> from a slender axis or carpophorse. 

Fia. 38S. Utricle of the common Pigweed (Cheuopodinm albnm). 

Via, 387. Utricle (pyxis) of Amaranth, opanJUE all round (circumsussile). 
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weded, Titli a Wd, crusUceou, or bon; wall, such aa the cocoaaut, hazel- 
nut, chestnut, and the acora (Fig. 37, 38S.) Here the 
inTolucre, in the form of a cup at the base, is called the 
CtiFVLE. Iq the Chestnut the cupule forms the bnr; in 
tbe Hazel, a leaf; husk. 

365. A Samara, or Eey-frolt, is either a nut or an 
akene, or anj other iudehiscent fruit, furuislied witli a ving, 
like that of Ash (Fig. 389), aud Elm (Fig. 390). The 
Maple-fruit is a pair of kejs (Fig. 391). 

366. Dehisceut Fruits, or Pods, are of two classes, viz., 
tbose of a simple pistil or carpel, and those of a compooiul 

piatJU Two common sorts of the first are named as follows : — 

367. The FolUole is a fruit of a simple carpel, which dehisces down ono 
side onlj, i. e. bj the inuer or ventral snture. The 

fruits of Marsh Marigold (Fig. 392), Pfeouy, Larkspur, 
and Milkweed are of this kiud. 

368. The Leguina or true Pod, such as the peapod 
(Fig. 393), aud tbe fruit of tjie Legmiiiuoos or Pulse 
familj generall;, is one which opens along the dorsal aa 

well as the ventral snture. The two pieces 




into which it splits are called Valves. A Loubnt is a legume which [a 
constricted between the seeds, and at length breaks up crosswise into dis-, 
tinct joints, as in Fig. 394. 

369. The pods or dehiscent fruits belonging to a compound ovary have 
several technical names ; but they all may be regarded as kinds of 

370. The Capsule, the drj and dehiscent fruit of any compound pistil. 
The capsule may discharge its seeds through chinks or pores, as in the 

Fio. 388. Sut (Bcorq) ot the Oak, with its cup or cupule. 
Fio. 3S9. Samara or ke; ot the White Ash, winged at end. SOO. Samara ot 
the American Elm, winged all round. 

Fio. 381. Pair of aamaraa of Sugar Maple. 

Fio. 382. Follicle of Msish Marigold <Ca]tha palaatris). 

Fio. 8B3. Legome of a Sweet Pea, opened, 

Fio. SB4. Lament or jointed Itfume ot a Tick-Trefoil (Deamodinm}. 
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Foppj, or bunt irregolarij in tome put, u in Lobelia and tbe Snapdngou ; 
but commonlj it apUta open (or ia dtkUetni) lengthwise into regular pieces, 
called Vii.TE& 

371< Be^lar DekUcenet in a capsule takes place in two waja, wliich are 
beat illustrated iu pods of two or three cella. It is either 

Loeulieidal, or, splitting directlj into the loeuli or cella, that is, down 
the back (or the dorsal suture) of each cell or carpel, aa iu 
Iris (Fig. 395) ; or 

Septicidal, that is, splitting Uirougb the parlitious oi 
as iu 8t. John's-wort (Fig. 396), Rhododeudron, 
etc. This divides the capsule into its coiiipo- < 
neut carpels, which then opeu h; titeir feutral 
suture. 

373. In loculicidal dehisceuce the TaNes nat- 
ural Ij bear the partitioDa on their middle; in | 
the seplicidal, iialf tbe thickness of a partitiuu 
is borne on the margin of each valve. See the 
snneied diagrams. A variation of either mode 
occurs when the valves break awaj from the 
partitions, these remaining attached iu tbe axis of 
the fruit Thia is called Sepifragal dehiscence. 
One form is seen in the Momiug-Glory (Fig. 
400). 

373. The capsules of Rue, Spurge, and s 
cidal and septicidal, and so split 
into half-carpellary valves or pieces. 

374. The SiUque (Fig. 401) ia 
the technical Dame of the peculiai 
pod of the Mustard family ; 
is two-celled b; a false partition 
stretched across between two pa- 
rietal placenta. It generallj opens 
bj two valves from below up- 
ward, and the placentte with the 
partition are left behind when the 
valves fall off. 

375. ASmoleorFooohisonl; 
a short and broad si]ique, like that 
of the Shepherd's Purse, Fig. 402, 
403. 

Flo. 395. Capsule of Iris, with loculicidal dehiscence; below, cat across. 
Flo. 396. Pod of a Harsh St. John's- wort, with septicidal dehiscence. 
Fia. 397, 398. Diagrams of the two modes. 

Flo. 399. Diagram of uptifragal dehiscence of the locnliddal type. 400. 3B«te 
of the septiddal la nutrpininiftil type. 
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376. Tha PjxiM ii a pod vhich opens b; a circniar hoiizontal line, tlio 
apper part fonniog ft lid, as in Punlaae (Fig. 404), tie Pbutain, Hen- 
bane, etc. In tbese the dehuceuce exteuda all round, or is eir- 
aaueittile. So it doea iu Amarantb (Fig. 387), forming a one- 
seeded utricuJar pjxia. Iu Jeffersouiu, Uie line does not separate 
quite Tonnd, but leares a portion for a liiuge to the lid. 
377. Of multiple or Collective I)'ruils, which are properly 
j masses of fruits a^regaled 
into one body (as is seen in 
the Mulberrj (lig. 408), Pine- 
apple, etc), tliere are two kinds 
with special names and of pe- 
culiar sti'ucture. 
378 . The Syoonlum or Flg- 
«l *08 »Q2 IM fruit (Fig, 405, 406) is a fleahy 

axis or summit of stem, hollowed out, and lined within b; a multitude of 
minute flowers, the whole becoming pulp;, and in 






379. Tho StrobUe or Cone (Fig. 411), is the peculiai 
of Fines, Cypresses, and the like ; hcuce named Comfere 



FiQ. 401. Siliqae of a CadBmioe or Spriag Creaa. 

Fia. 402. Siticle of Shepherd's Purse. 403. Same, with one valre removed. 

Pia. *M. Pjifs of Purslane, the lid detachiriK. 

Fia. 405. A <lg-fm)t when young. 406. Same In section. 407. Magnified por- 
tion, a slice, showing some of the flowers. 

Pio. 408. A mulberry. 409. One of the grains younger, enlarged ; aeen to ba 
I. pistillate flower with calfx hecoming fleshy. 410. Same, with fleshy calyx cat 
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planla. As alreadj sbovn (313), these conn tm opn pittib, awtlj in 

the form of Aat (calea, legularij orcrljing e*cb 

other, tad pressed together in « ipike or bewl. 

Each sole bears one or two naked seed* on ita 

inner face. When ripe and drj, the icales turn 

back or diverge, and in the Pine the seed peeb 

off and lalla, generally carrying with it a wing, a 

part of the lining of the soJe,' 

which facilitates the diiper- 

fX aion of tbe seeds bj the wind 

li,\ (Fig. 412,413). In Arbor. 

1 1. Vibe, the scales of the smatl 

tK/ cone are few, and not reij 

^ unlike the leaves. In Cj* 

ill tu 113 P™M tbey are very thick at 

the top and narrow at Ibe 

base, so as to make a peculiar sort of closed cone. In Jumper and Red 

Cedar, tbe few scales of the very anwll cone become fleshy, and ripen into 

a Emit which closel; resembles a berry. 



Sbction XV. THE SEED. 

880. Seeds are the final prodnct of the flower, to which all its parts and 

offices are subaervient. Like the ovule from which it originates, a seed 
consists of coats and kernel. 

381. The Seed-coats are commonlj two (320), the outer and the inner. 
Fig. 414 sliowa the two, in a seed cnt through lengthwise. j_^^^^ 
The outer coat is often hard or cruataceous, whence it is •/t?^S\\1 
called the Teila, or shell of the seed; the inner is almost al- ^HnkQiull 
ways thin and delical-e. ^j^M Jtt 

383. The sliape and the markings, so various in different ^^^ 
seeds, depend mostly on the outer coat. Sometimes this fits *** 

the kernel closely ; aometimEs it is expanded into a teiivf, as in the Trnm- 
pet-Creeper (Fig. 415), and occasionally this wing is cut up into shreda 
or tufts, as in the Catalpa (Fig. 416} ; or iustead of a wing it may bear a 
Coma, or tuft of long and aoft hairs, oa in the MUkwecd or Silkweed (Fig, 
417). The use of wings, or downy tufta is to render the aeeds buoyant 

Flo. 411. Cone of a common Pitch Pine. 412. Ineide view ofaaeparsted scale 
or op«Q carpel ; one eeed in place : 413, the other seed. 

Flo. 414. Beed of a Linrten or Bwevood cut through lengthwise, and nuguiHad, 
tbe parts lettered: a, the Mlum or scar ; b, the outer coat) c, the inner j d, the 
albmnen; e, the embryo. 
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for diapenion bj the windi. Tbis ia clear, not onlj from Qmr erident 

adaptation to this purpose, bnt also from the fiict tbat winged and tufted 

■eedfl ue fonnd onlj in fruita tliat split open at maturity, never in those 

that remain closed. The coat of aorae aeeda is beset with 

long hairs or wool. CotUm, one of the most importaut ^eftfi- 

table products, since it forms the principal clothing of the 



larger part of the human race, oonsista of the long and woolly hairs which 

tbicld; cover the whole surface of the seed. There are also crests or other 

appendages of various sorts on certuu seeds. A few seeds 

have an additional, but more or less incomplet« coveiing, out- 

r aide of the real seed.coats called an 

383. Aril, or Aiilltia. Tbe loose and transparent *q| 
bag which encloses the seed of tbe Wbite Water-Lilj J (I 
(Fig. 41S) is of this kind. So is the macs of the / gi\ 
nutmeg; and also tlie scarlet pulp around the seeds \l li 
of the Waxwork (Celastnis) and Strawberrj-bush WW 
(Euonymus). The aril is a growth from the ex- '^r 
417 tremitj of the seed-atolk, or from the placenta when as 
there is no seed-stalk. 
3Si. A short and thickiah appendage at or close to the hilum in oert^ 
seeds is called a Cautthcle or SfBOPHioLE (Fig. 419). 

385. The various terms which define the position or direc- 
tion of the ovule (erect, ascending, etc.) apply equally U> the 
seed; so also the terms anatropous, orthotropous, campjlotro- 
pous, etc., as already deGjied (330, 331), and such terms as 

UiLuu, or Scar left where the seed-stalk or funiculus falls 
away, or where the seed was attached directly to the placenta 
when there is no seed-stalk. *>* 

Rui-PHB, the line or ridge which runs from the hilum to the chalaza in 
anatropona and amphitropoua seeds. 

CHiiiZ4, the place where the aeed-ooats and the kernel or nucleus ai« 
oiganioallj coanecled, — at the hilum in orthotropous and eampylotropous 
seeds, at the extremity of tlie rbapbe or tip of the seed in other kinds. 

MicaoPTLB, answeriog to the Foramen or orifice of the ovule. Compare 
the accompanying figures and those of the ovules, Fig. 841-335. 

Fia. 116. A winged seed of tlie Trumpet-Creeper. 

Fiu. 416. One of Catalpa, tho kernel cut to show the embrjo. 

FiQ. 417. Seed o( Milkweed, with a Coma or tuft of loug Hllky htUn at one end. 

FiQ. 418. Seed of White Wster-Lily, eDcloeed in iU aril, 

Fw- *18. Seed of Ricinua or Csator-oU plant, with caruncle. 
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3S6. The Kernel, or Nuoleiui, is the whole body of the seed within the 
coats. Inmany seeds the ker- 
nel is all Embryo ; in others 
a large part of it is the Al" 
bumen. For example, in Fig. 
423, it is wholly embryo ; in 
Fig. 422, all but the small 
speck (^) is albumen. 

387. The Albumen or Endosperm of the seed is sufficiently charac- 
terized and its office explained in Sect III., 31-35. 

388. The Embryo or Germ, which is the nidimentary plantlet and the 
final result of blossoming, and its development in germination have been 
extensively illustrated in Sections II. and III. Its essential parts are the 
Radicle and the Cotyledotu. 

389. Its Radicle or Canlicle (the former is the term long and gcner. 
ally used in botanical descriptions, but the latter is the more correct one, 
for it b the initial stem, which merely gives origin to the root), as to its 
position in the seed, always points to and lies near the micropyle. In re- 
lation to the pericarp it is 

Superior, when it points to the apex of tbe fruit or cell, and 
Inferior, when it points to its base, or downward. 

390. The Cotyledons have already been illustrated as re- 
spects their number, — giving the important distinction of Dicoty- 
ledonous, FolycotyledoHous and Monocotyledonous embryos (36-43), 
— also as regards their tiiickness, whether foliaceout or fezhy ; 
and some of the very various shapes and adaptalious to the seed have been 
figured. They may be straight, or folded, or rolled up. In the latter 
case the cotyledons may be rolled up as it were from one margin, as 

in Calycanthus (Fig. 424), or from apex to base in 
a flat spiral, or they may be both folded (^plicate) 
and rolled up (convolute), as in Sugar Maple (Fig. 
11.) In one very natural family, the Cruciferse, two 
different modes prevail in the way the two cotyledons 
are brought round against the radicle. In one series 
426 428 they are 
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Fio. 420. Seed of a Violet (anatropous) : a, hiluin; 6, rhaphe; c, chalaza. 

Fig. 421. Seed of a Larkspur (also anatropous); the parts lettered as in the last. 

' Fig. 422. The same, cut through lengthwise: a, the hilum; c, chalaza; d, outer 
seed-coat; e, inner seed-coat; /, the albumen; g, the minute embryo. 

Fig. 423. Seed of a St. John's- wort, divided lengthwise; here the whole kernel 
is embryo. 

Fig. 424. Embryo of Calycanthus; upper part cut away, to show the convoluts 
cotyledons. 

Fia 425. Seed of Bitter Cress, Barbarea, cut across to show the accumbent 

cotyledons. 426. Embryo of same, whole. 
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AeetmletU, that is, the edges of the flat cotyledons lie against the ladide, 
as in Fig. 425, 426. In another they are 
Ineumbenit or with the pkne of the cotyledons brought np in the opposite 

C^ direction, so that the back of one of them lies against 

It (\^ the radicle, as shown in Fig. 427, 428. 

^ \ \ 11 391. As to the situation of the embryo with respect 

to the albumen of the seed, when this is present in any 
quantity, the embryo may be Axile, that is occupying 
427 438 the axis or centre, either for raost of its length, as in 

Violet (Fig. 429), Barberry ^Fig. 48), and 
Fine (Fig. 56) ; and in these it is straight. 
But it may be variously curved or coiled 
in the albumen, as in Helianthemum 
(Fig. 430), in a Potato-seed (Fig. 60), 
or Onion-seed (Fig. 60), and Linden 

(Fig. 414); or it may be coiled around 429 490 430 a 

the outside of the albumen, partly or into a circle, as in Ghickweed (Fig. 
431, 432) and in MirabiHs (Fig. 52). The latter mode prevails in Campylo- 

tropous seeds. In the cereal grains, such as ludian 

Com (Fig. 67) aud Rice, 430 °), and in all other 

Grasses, the embryo is straight and applied to the 

431 4S2 outside of the abundant albumen. 

392. The matured seed, with embryo ready to germinate and reproduce 

the kind, completes the cycle of the vegetable life in a phanerogamous 

plant, the account of which began with the seed and seedling. 







Section XVI. VEGETABLE LIFE AND WORK. 

393. The following simple outlines of the anatomy and physiology of 
plants (3) are added to the preceding structural part for the better prepar- 
ation of students in descriptive and systematic 'botany ; also to give to all 
learners some general idea of the life, growth, intimate structure, and action 
of the beings which compose so large a part of organic nature. Those who 
would extend and verify the facts and principles here outlined will use the 
Physiological Botany of the " Botanical Text Book," by Professor Goodale, 
or some similar book. 

Fig. 427. Seed of a Sisymbrium, cut across to show the incumbent cotyledons. 
428. Embryo of the same, detached whole. 

Fig. 429. Section of seed of Violet ; anatropous with straight axile embryo in 
the albumen. 430. Section of seed of Rock Rose, Helianthemum Canadense ; 
orthotropous, with curved embryo in the albumen. 430 «. Section of a grain of 
Rice, lengthwise, showing the embryo outside the albumen, which forms the 
principal bulk. 

Fig. 431. Seed of a Chickweed, campylotropous. 432. Section of same, show^ 
ing slender embryo coiled around the outside of the albumen of the kernel. 
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i 1. ANATOMICAL STRUCTURE AND GROWTH. 

394. Qro'wth is the increase of a living thing in size and substance* It 
appears so natural that plants and animals should grow, that one rarelj 
thinks of it as requiring explanation. It seems enough to say that a thing 
is so because it grew so. Growth from the seed, the germination and de- 
velopment of an embryo iuto a plantlet, and at length into a matore plant 
(as illustrated in Sections LI. and III.), can be followed by ordinary obser- 
vation. Bat the embryo is already a miniature phmtlet, sometimes with 
hardly any visible distinction of parts, but often one which has already 
made very considerable growth in the seed. To investigate the formation 
and growth of the embryo itself requires well -trained eyes and hands, and 
the expert use of a good compound microscojie. So this is beyond the 
reach of a beginner. 

395. Moreover, although observation may show that a seedling, weigh- 
ing only two or three grains, may double its bulk and weight every week 
of its early growth, and may in time produce a huge amouut of vegetable 
matter, it is still to be asked what this vegetable matter is, where it came 
from, and by what means plants are able to increase and accumulate it, and 
build it up into the fabric of herbs and shrubs and lofty trees. 

396. Protoplasm. All this fabric was built up under life, but only a 
small portion of it is at any one time alive. As growth proceeds, life is 
passed on from the old to the new parts, much as it has passed on from 
parent to offspring, from generation to generation in unbroken continuity. 
Protoplasm is the common name of that plant-stuff in which life essentially 
resides. All growth depends upon it; for it has the peculiar power of 
growing and multiplying and building up a living structure, — the animal 
no less than the vegetable structure, for it is essentially the same in both. 
Indeed, all the animal protoplasm comes primarily from the vegetable, 
which has the prerogative of producing it ; and the protoplasm of plants 
furnishes all that portion of the food of animals which forms their flesh 
and living fabric. 

397. The very simplest plants (if such may specifically be called plants 
rather than animals, or one may say, the simplest living things) are mere 
particles, or pellets, or threads, or even indefinite masses of protoplasm of 
vague form, which possess powers of motion or of changing their shape, 
of imbibing water, air, and even other matters, and of assimilating these 
into plant-stuff for their own growth and multiplication. Their growth 
is increase in substance by incorporation of that which they take in and 
assimilate. Their multiplication is by spontaneous division of their sub- 
stance or body into two or more, each capable of continuing the process. 

398. The embryo of a phanerogamous plant at its beginning (344) is es^ 
sentially such a globule of protoplasm, which soon constricts itself into two 
and more such globules, which hold together inseparably in a row ; then 
the last of the row divides without separation in the two other plane9» to 

9 
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form a compound mass, eacli grain or globule of which goes on to double 
itself as it grows; and the definite shaping of this still increasing mass 
builds up the embryo into its form. 

399. Cell-wall& While this growth was going on, each grain of the 
forming structure formed aud clothed itself with a coat, thin and trans- 
parent, of something different from protoplasm, — something which hardly 
©and only transiently, if at all, partakes of the life and action. 
The protoplasm forms the living organism ; the coat is a kind 
of protective covering or shell. The protoplasm, like the 
flesh of animals which it gives rise to, is composed of four 
chemical elements: Carbon, Hydrogen, Oxygen, and Nitro- 
gen. The coating is of the nature of wood (is, indeed, that 
wliich makes wood), and has only the three elements. Car- 
bon, Hydrogen, and Oxygen, in its composition. 

400. Although the forming structure of an embryo in 
the fertilized ovule is very minute and difficult to see, there 
are many simple plauts of lowest grade, abounding in pools 
of water, which more readily show the earlier stages or sim- 
plest states of plant-growth. One of these, wliich is common 
in early spring, requires only moderate magnifying power 
to bring to view what is shown in Fig. 437. In a slimy 
mass which holds all loosely together, little spheres of green 
vegetable matter are seen, assembled in fours, 
and these fours themselves in clusters of fours. 
A transient inspection shows, what prolonged 
watching would confirm, that each sphere di- 
vides first in one plane, then in the other, to 
make four, soon acquiring the size of the original, aud so on, 
producing successive groups of fours. These pellets each 
form on their surface a transparent wall, like that just des- 
cribed. The delicate wall is for some time capable of expan- 
sive growth, but is from the first much firmer than the 
protoplasm within; through it the latter imbibes sur- 
rounding moisture, which becomes a watery sap, occupy- 
ing vacuities in the protoplasmic mass which enlarge or 
run together as the periphery increases and distends. 
When full grown the protoplasm may become a mere lining 
to the wall, or some of it central, as a nucleus, this usually connected with 
the wall-lining by delicate threads of the same substance. So, when full 
grown, the wall with its lining — a vesicle, containing liquid or some 
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Flo. 433-436. Figures to illustrate the earlier stages in the formation of an 
embryo ; a single mass of protoplasm (Fig. 433) dividing into two, three, and then 
into more incipient cells, which by continued multiplication build up an embryo. 

Fio. 437. Magnified view of some of a simple A-esh water Alga, the Tetiaspon 
Inbrica, each sphere of which may answer to an individnal plant. 
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solid matters and in age mos'l; air — nsturallj came to be named a Cell. 
Bitt the name was suggested bj, and first osed oolj for, ee\[s iu cumbinatioa 
or bniltup into a fabric, much as a wall is built o( bricks, tbat is, into a 

401. Cellular Struotnre or Tlssiia. Suppose niimeroua cells like 
those of Fig. 137 to be heaped up Lite a pile of canoua-balls, and as thej 
grew, to be compacted logether while soft aud jieldbg ; thejr wguld flatten 
where they touched, and each sphere, 
being toucbed by twelve surrouading 
oues would become Iwelre-sided. Fig. 
438 would represent oue of them. 
Suppose the couligunus faces to be 
united into one wall ur partition be- 
tween adjacent cavities, and a celMar 
tirueltire would be formed, like that 
shown iu Fig. 439. Hoots, Btema, leaves, 
and the whole of pliai 
erogamous plants are 
fabric of countless n 
bers of such cells. Ni 
such exact regularity ii 
size and shape b CTcr *" '" 

actually found ; but a nearly truthful mag^nified view of a small portion ot 
a slice of (be flower-stalk of a Calla Lily (Fig. 440j shows a fairly corres- 



ponding stractnre; eicept that, owing to the great air-spaces of the interior, 
the fabric may be likened rather to a stack of chimneys than to a solid 
fabric. In young and pari^ly transparent parts oue may discern the cel- 
lular structure by looking down directly on the surface, as of a form- 
ing root. (Fig. 83, 441, 443). 

402. The substance of which cell-walls are miiiiily composed is called 
Cellulose. It is essentially tl:e same in tlie stem ot a delicate leaf or 
petal and in the wood of an Oak, eiccpt that in the latter the walls are 

Fia. 438. Diagram of a vegetable cell, such as it would be if when spberiiial it 
were equally pressed by similar surrounding cells in a beap. 

Pro. 43S. Ideal conatmction of cellniar tissue so formed, in section. 

Fro. iJO. Magnilied view of a portion of a tranaverae slice of stem of Calla 
Lily. The grett spaces are tubular aic-cbannek built Dp by tbe cells. 
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mucb tbickeued Bud the calibre Bmill. The protopkani of eaoli living oeQ 
■ppetm to be completcl; aliiit up aad isoUted in its sLell of cellulose ; but 
microscopic iuTesiigaLiou Las bruuglit to view, in niau; cases, miuula 
tlirenda of pruloplasm wliicb beie and there traverse 
the cell-wall tlirough minute pores, thus connecting 
I the living portion of one cell with tbat of adjacent 

I cells. (See Fig. 447, &c.) 

' 403. Tlie hairs of plauta are cells formed on the 

surface ; either eloitgHted single cells 
(Uke the roiit-hairs of Fig. 441, 442), 
>r a row of shorter ceils. Cotton 
ibres are loug and simple cells grow. 
ug from the surface uf tlie seed. 

404. Tlie size uf tlie ceUs of wb-ch 
:oinnioa phtiils are made up vviea 
from about the thirtieth to the tLou- 
iiidtli of an iuch in diameter. An 
ordinary size of short or roundiab 
cells is from j^ to t^ of an inch ; so that there may geuerall; be from 
27 to 125 millions of cells in the compass of a cubic inch! 

405. Some parts are built up os n compact structure ; in others cella 
are arranged so as to build up regular air. ^ 

channels, as in the stems of aquatic and other "I 
water-loving plants (Fig. 4!0), or to leave [ 
irregular spaces, as in the lower part of most -^ 
leaves, where the cells only bc.-e and there 
come iuto close contact (Fig. 413). ^. 

406. All such soft cellular tissue, Lke ^ 
this of leaves, that of pith, and of the green 
bark, is called Parencutha, while fibrous 
and woody parts are composed of Pbosbh- 

CBtMA, tbat is, of peculiarly transformed us 

407. Strengthening Cells. Common cellular tissue, which makes ap 
the whole structure of all very yonog plants, and the whole of Moasea 
and other vegetables of the lowest grade, even when full grown, is too 
tender or too brittle to give needful strength and t«uglmess for plants 
which are to rise to any considerable height and support themselves. In 
these needful strength is imparted, and the conveyance of sap through the 
plant is facilitated, by the change, as tbey are formed, of some cells iuto 
thicker- walled and tougher tube?, and by the running together of some of 

F[0. 4J1. Much magiiiK«il small portion o 
Ouch as of Fig. 82) ; and 442, a few cells of lu 
tions from the liBclt of some of the cells are root-liairs. 

Flo. 443. MagniBed eectioD through the thickness of a leaf ot Florida SUi- 
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these, or the proIougatioD of others, into hollow fibrei or tubes of Tarioiuiiie. 

Two sorts of sueli transformed eells go logcther, sntl esseutiallj form llie 

408. Wood. This is fouud lu all commoa Lerba, u well u in shrabf 
and trees, but the Cornier have much less of it in proportion U> (he softef 
cellular tissue. It is formed ver; earjj iu tbe growth of tlie root, slein, 
and leaves, — traces of it appearing in large embrjos even wliile jet in tbe 
seed. Those cells that leagtheu, and at tlie same time thicken their walls 
form tbe proper Woodi Fibre or Wood-cells ; those of larger sise and 
tbiDiier walls, irhich are lliickened oulj iu cerlaJa parts so as to have 
peculiar markiiiga, aud wbicli ofleu are seeu iM Mf> MT 
to be mode up of a row of cjliudiical cells, 
with tlie partiiions between absorbed or bro- 
ken awa;, are called Ddcts, or sometimes 
Yessels. Tbcre are all gradations between 
'wood-cells aud ducts, and between both these 
and common cells. But in most plauts ibe 
three kinds are fairl; distinct. 

409. The proper cellular tissue, or jMren- 
ciyaa, is the grouud-work of root, stem, and 
leaves; tliis is traversed, cbieflj lengthwise, 
bj the streugtheuiiig and conducting tissue, 
wood-cells and duct-cells, iu the form of 
bundles or liircada, which, in ihe stems and 
stalks of herbs are fewer and cumparutivclj 
scattered, but in shrubs aud trees so numer- 
roos aud crowded that in the stems and 
all permanent parts tiie; make a solid mass 
of wood, lliej eitend into and ramif; in 

tbe leaves, spreading out in a horizontal j 

plane, as tbe framework of ribs aud veins, I 

which supports the softer cellular portion or i 

parenchyma. I 

410. Wood-Cells, or Woody Fibres, V 
consist of tubes, commonly between one and *^' 

two tlionaaudtbs, but in Fine-wood sometiuies two or three hundredths, 
of an inch in diameter. Those from Ihe tough bark of the Basswood, 

Fig. 144. Magnified wocl-cella of tlie bark (bast-cells) of Basawood, ono and 
part of HDOtlier. 446. Some wood-oclla from the wood (and lielow part of aduct); 
ajid 446, a detacheil wood-cell of tlio aaniei equally magiiilied. 

Flo. 447. Some wooii-cells from Butlonwooil, Platanus, highly magnified, a 
whole cell and lower end of another on the left ; a cell cut half away lengthwiae, 
and half of another on the right | aorae pores or pits (a) seen on the left; whits 
6 6 mark aections through these on the cut BUiface. When living and jonng the 
protoplasm eit«nda into tiiese and by minuter perforations connects across them. 
In age tbe pita become open passages, facititating the passage of sap and aii 
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•bown in Fig. iU, sre only the fifteen-hondredth of an incli wide. Tliose 
offiuttoQwood (Fig. 147) are lai^er, and are LereLIghlj magaiSed besides. 
The figurea shuv the waj wuod-cells are conimoiilj put together, namelj, 
with their taperiug enda orerlapping each other, — spliced together, aa it 
were, — thus giving more strengtli &iid toughness, lu b&rd woods, such 
as Hickorj and Oak, the walla of these tubes are rer; thick, as well as 
deuse ; while in soft woods, such as White- Pine and Basswood, tbej are 
tliiuuer. 

411. Wood-cells in the bark are generall; longer, fiaer, and tongher 
than those of the proper wood, and appear more like fibres, li'or example. 
Fig. 410 represents a cell of lUe wood of Basswood of average length, and 
Fig. 444 one (and part of another) of the fibrous bark, both drawn to the 
same scale. As theae long cells form the principal part of fibrous bark, or 
iatl, thej are named Batl-celU or Sasl-fibres. Tliese give the great tough- 
ness and fleiibilit; to the inner bark of Basswood (i, e. Bast-wood) and of 
Leatherwood; and they furnish the invaluable fibres of fiax and bemp; 
A the proper wood of their stems 

being tender, brittle, and de- 
g , strojed bj the processes which 

separate for use the tough and 
g ' slender bast-cells. In Leather- 

wood (Dirca) the bast-cells are 
remarkablj slender. A view of 
one, if moguified on the scale 
of Fig. 444, would be a foot 
\J and a half long. 

*« «9 «o 412. The wood-cellsofPiues, 

and more or less of all other Coniferous trees, have on two of their sides 
verj peculiar disk-shaped markings (Fig. 448-450) bj which tliat kind of 
wood is recognizable. 

413. Ducts, also called Vessels, are mostly larger 
than wood-cells; indeed, some of them, as in Red Oak, 
have calibre ki^je enough to be discerned on a cross 
section bv the naked eje. They make the visible porosity 
of such kinds of wood. This is particularly the case with 
Dotted duds (Fig. 451, 452), the surface of which 
appears as if riddled with round or oval pores. Such 
duct a are commonly made up of a row of large cells more 
or less onnfluent into a tube. 

ScalariJbTn ducts (Fig. 458, 459), common in Ferns, 
and generally angled by mutual pressure in the bundles, *fil *6a 

Fio. i48. Magnitied bit of a pine-shaving, taken pai^Uel vitli the silver grain, 
419. Separate whole wood-cell, more nugnified. 450. Same, etill more magnified) 
both aeotions represented : a, disks in section, 6, in Tace. 

Via. 151, 152. A large and a emalter dotted duct from Orape-Tin«, 
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hare trsDSTenelj elongated thin plsces, p«nllel with each other, giving 
n kdder-liie appearance, whence the name. 

Anntdar ducta (Fig, 157) are marked wilh cross UoM or rings, which 
are thickened portions of the cell-wall. 





Spiral ducts or vessels (Fig. 453-456) hare tbin walls, strengthened by 
a spiral fibre adherent witliin. This is as delicate and as strong u spider- 
web : when uncoiled by pulling apart, 
it tears up and annihilates the cell- 
wall. The uncoiled threads are seen 
by gently pulling apart many leaves, 
such as those of Amaryllis, or the 
stalk of a. Stra\rberry teaflet. 

Laiici/erout ducli, Fe»«it of lie 
Zaltx, or MUk-vesieU are peculiar 
branching tubes which hold latex or 
miJky juice in certain plants. It is 
very difGoult to see them, and more 
so ia make out their nature. Tliey ^ wi 

are peculiar in branching aud inosculating, so as to mate a net-work of 
tubes, running in among the cellular tissue ; and they are very small, 
except when gorged and old (Fig. 460, 461). 



Fia. 453, 454. Spiral ducts wbii 
duct which teara np as a band. 4 
457. Loose spiral duct passing into 
part of a bunille, prismatic by press 

Fio.460. MilkVi 
461. Others from thi 



into B single thread. 455. Spiral 

iing into annular. 453. Scalariform ducts of a Fern} 
by pressure. 459. One ton) ialo a band, 
f Dandelion, with cells of the common cellular tissue, 
older and gorged with millcy juice. All highly mag- 
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§ 2. CELL-CONTENTa 

414. The living contents of young and actiye cells are mainly protoplasm 
with water or watery sap which this has imbibed. Old and effete ceUs are 
often empty of solid matter, containing only water with wliatever may be 
dissolved in it, or air, according to the time and circumstances. All the 
various products which plants in general elaborate, or which particular 
plants specially elaborate, out of the common food which they derive from 
the soil and the air, are contained in the cells, and in the cells they are 
produced. 

415. Sap is a general name for the principal liquid contents, — Crude sap, 
for that which the plant takes in, Elaborated sap for what it has digested or 
assimilated. They must be undistinguishably mixed in the cells. 

416. Among the solid matters into which cells convert some of their 
eUborated sap two are general and most important. These are Chlorophyll 
and Starch, 

417. Chlorophyll (meanmg leaf-green) is what gives the green color to 
herbage. It consists of soft grains of rather complex nature, partly wax- 
like, pai*tly protoplasmic. These abound in the cells of all common leaves 
and the green rind of plants, wherever exposed to the light. The green 
color is seen through the transparent skin of the leaf and the walls of the 
containing cells. Chlorophyll is essential to ordinary assimilation in plants : 
by its means, under the influence of sunlight, the plant converts crude sap 
iuto vegetable matter. 

418. Far the largest part of all vegetable matter produced is that which 
goes to build up the plant's fabric or cellular structure, either directly or 
indirectly. There is no one good name for this most important product of 
vegetation. In its final state of cell-walls, the permanent fabric of herb 
and shrub and tree, it is called Cellulose (408) : in its most soluble form 
it is Sugar of one or another kind ; in a less soluble form it is Dextrine, a 
kind of liquefied starch : in the form of solid grains stored up in the cells 
it is Starch, By a series of slight chemical changes (mainly a variation in 
the water entering into the composition), one of these forms is converted 
into another. 

419. Starch {Farina or Fecula) is the form in which this common plant 
material is, as it were, laid by for future use. It consists of solid grains, 
somewhat different in form in different plants, in size varying from ^^ to 
yoVd ^^ *^ ^'^^^^j partly translucent when wet, and of a pearly lustre. Fi*om 
the concentric lines, which commonly appear under the microscope, the 
grains seem to be made up of layer over layer. When loose they are com- 
monly oval, as m potato-starch (Fig. 462) : when much compacted the 
grains may become angular (Fig. 463). 

420. The starch in a potato was produced in the foliage. In the soluble 
form of dextrine, or that of sugar, it was conveyed through the cells of the 
herbage and stalks to a subterranean shoot, and there stored up in the 
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taber. Wlien the potato Bpronta, Um ■Urdi in the Ticmitj of dereloping 

buds or ejea is changed back again, first into mncilagiaous dextrine, then 

iiito sugar, dissoked 

in the sap, and in t 

form it is made to Xf'^ 

flow to the growing i 

parts, wliere it is 1 

down iato cellnloae 

or cell-waU. «" « 

431. Besides these oell-contenis which are in obTiom and essentiBl nla- 
tioa to nutrition, there are others the use of which is proUematicaL Of 
snch the commouest are 

433- CTTStals. These when slender or needle^haped are called 
ItHA7BIDE3> Thej are of inoiganic matter, nsDall; of oxalate or phosphate 
or sulphate of lime. Some, at least of the latter, may be direct crjstallii*- 





lions of what is taken in dissolved in the water absorbed, but others mnst 
be the result of some elaboration in the plant. Some plants hare hardlj 
an; ; others abound in them, especiall; in the foliage and bark. In Locust' 
bark almost ever; cell holds a crystal ; so that in a square inch not thicker 
than writing-paper there ma; be over a million and a half of them. When 

FlQ- 4S2. Boine magnified starch-grains, in two cells of a potato. 463. Some 
cells of the ilbumsn or Hour; part of Indian Com, nlled with starch-grains. 

Flo. 4S4. Four cells Trom dried Onion-peel, each holding a crystal of different 
shape, one of them twinned. 465. Some cells from stalk of Rhnbarh-plant, three 
containing chlorophyll ; two (one torn acrosa) with rhspliides. 466. Rhaphides 
in a cell, from Arisfema, with small cells sitrrounding. 467- Prismatif^ crystals 
from the bark of Hickory- 468. Glomerate crystal in a cell, from Beet-root. 
469, A few cells of Locust-bark, b crystal in each. 470. A detached cell, with 
rh^hides being forced out, aa bappaus when put in water. 
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needle-<h«ped (rhapbidea), u in stalks o( CsUa-Lilj, Rhnbaib, or Four- 
o'clock, the; are osuallj packed in sheaE-likc bundles. (Fig. 466, 466-) 



f S. AMATOMY OF ROOTS AND STEMS. 

ISS. This is so nearly the same that an account of the intern&I Btmclnre 
of stems maj serve for the root also. 

424. At the hepnaiog, either in the eaibrjo or in an incipient shoot 
from a hud, the whole stem is of tender cellular ibsue or parenchjma. 
But wood (consisting of wood.celIs and ducts or vessels) begins to be 
formed in the earliest growth ; aod is from (lie first arranged in two wajs, 
making two general kinds of wood. The diflereuce is obvions even in 
herbs, but is more conspicuona in the enduring stems of shrubs and 

4S5. On one or the other of these two types the stems of all phanero- 
gamous plants are constructed. In one, the wood is m^e up of separate 
threads, scattered liere and there throughout the whole diameter of the 
stem. In the other, the wood is all collected to form a layer (in a slice 
across the stem appearing as a ring) between a central cellular part which 
has none in it, lite Pilk, and an outer cellular part, the Bark, 

426. An Asparagus-shoot and a Corn-stalk for herbs, and a rattan for a 
— ' — woody kind, represent tlie first kind. To it 

belong al! plants with monocotjiedonous em- 
bryo (40). A Bean-stalk 
and the stem of any com- 
mon shrub or tree rep- 
resent the second ; and 



to it belong all plants with dicotyledonous or poljcotjiedonous embryo. 
The first iiaa been called, not very properly, Endogenotta, wliicfi means in- 
side-growiug ; tlie second, properly enough, Krogtrious, or outside-growing. 
427. Endogenous Stems, tliose of Mnnocotyls (40), attain their 
greatest size and most characteristic development in Palms and Dragon- 
trees, tliexefore ciiiefly in warm climates, altlinugh the Palmetto and some 

FiO. 471. Diigrara of structure of Palm or Yucca. 472. Stmcture of a Corn- 
■talk, in traniverm and longiturtliml sention. 473. SaniB of a small Palm-stem. 
The dots on the cross sections represeDt out ends of ths woody Inmdlu or threada. 
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Yuccas become treea along tbc sontbem borden of the United States. la 
such stems the woodj bundles are more nnmerous and crowded tovui] the 
circamrereoce, and so the hardcT wood ii outaide ; wbile in an eiogenous 
stem tlie oldest aod hardest vood is toward the ceutre. An eiidogcDoui 
stem has do clear distmclion of pith, bark, and wood, concentricallj ar- 
ranged, uo silver graiu, no annual lajers, no bark that peels off cleau from 
the wood. Yet old stems of Yuccas aad the like, that coiitjuue to increaM 
ia diameter, do form a sort of lajers and a kind of scalj bark when old. 
Yuccas show well the clirriug of the woodj bundles (Fig. 171) whtch 
below taper out and are lost at the rind. 

as. Exogenons Stems, those of Dicotjis (37), or of pUiits coming 
from dicotyledonous and also poljcotjlcdouous embrjoa, haie 
a structure which is fomiliar in the wood of our ordiuarf , 
trees and shrubs. It is the same in an herbaceous shoot | 
(such as a Tlus-stem, Fig. 474) as in a Maple-stem of the 
first jear's growth, except that the woodj lajer is com- 
monly thinner or peihaps reduced to a circle of bundles- 
It was so in the tree-stem at the begiuuing. The wood all 
forms'in a cylinder, — in cross section a ring — around a cen- 
tral cellular part, dividing the cellular core within, the pith, from a cello- 
lar bark without As the wood-bundles mcrease in number and in size. 




they press upon each other and become wedge-shaped in the cross sec- 
lion ; and the; continue lo grow from the niiUide, next the bark, so that 
they become very thin wedges or plates. Between the plates or wedges 
are very thin plates (in cmss seclinn lines) of much compressed celluUr 
tissue, which connect Ihe pith wilh the bark. The plan of a one-year-old 
woody st«m of this kind is eshibited in the figures, which aie essentially 
diagrams. 

4S9. When such a stem grows on from year lo year, it adds annually a 

Fio. tli. Short pl»ce of st«m of FIbk, magnifleJ, allowing the bsrfa, wood, and 
pith in a croes section. 

Fia. 175. Diagram or a, ciaes 8«<^t!on of a very young exogenoas stem, showing 
tlx woody hundles or wedges. 476. Same later, with wedses increaaeel to twelve. 
477. Stilt later, the wedges Hlling the space, separated only by the thin linee, or 
medullary rays, running from pith to bark. 
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Ujet of wood oatside the preceding one, between tliat and tie bark. Hiia 
is exogcDoos growth, or outside-growing, as tlie name denotes. 
430. Some new bark it formed everj jear, as well as new wood, the 
fjf formei' inside, as the latter 

I is outside of that of tbe 

jear preceding. The ring 
or Mine of tender forming 
tissue between the bark 
and the wood has been 
called tbe Canliitiin Layer. 
Cambium is an old name 
of the physiologists for 
nutritive juice. And tliis 
thin laver ia so goi^ed 
with rich nutritive sap 
when spring growth is re- 
newed, that the bark then 
seens to be loose from 
tbe wood and a lajer of 
viscid sap (or cambium) to 
be poured ont between the 
two. But there is all 
tbe while a connection of 
the hark and the wood h; 
delicate cells, rapidlj mul- 

I tipljing and growing. 

431. The Bark of a 

** year-old stem consists of 

three parts, more or less diatinct, namely, ~ beginniug neit the wood, — 

1. Tub Liber or Fibrous Bark, the 7>Mr Bark. Thia coutwns some 
wood-cells, or their equivalent, commonly in tbe form of baat or bast.cells 
(411, Fig. 444), such as those of Basswood or Linden, and amojg herbs 
those of flax and hemp, which are spun and woven or made into cordage. 
It also contuns cells which are named ii«?«-cells, on account of numerous 
slits and pores in tlieir walls, by which the protoplasm of contignous cells 
commonieat^s. In woody stems, whenever a new layer of wood is formed, 
some new liber or inner bark is also formed outside of it. 
Fia. 473. Piece of a stem of Soft Maple, of a year old, cat crosswise and length- 

Fio. 479. A portion of the 8am«, magnifled. 

FlO, 480. A small piMe of the tianie, tiiken from one eiile, reaching from tile bark 
to tliepith, and highly magnilieib a, a small hit of the pith; b, spiral ducts of what 
it called the medxdlary eh^ath ; c, the wood ; d, d, dotted docts in the wood ; 
e, e, snnalar docta; /, the liber or inner bark; g, the green bark; h, the cork; 
layer; i, the skin, or eplderraiK ; J, one of the medullary rays, or plates of ailvei 
grain, Been on the croes-eectioo. 
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2. Th£ Orzis Buk or MidJU Bart. Tbw ooiuuts of odlaUr tuna 
odI^, and contains the aune gn«Q matter {rkhrapkfU, 417) aa the learea. 
In wood; stcma, before the mmod'b growth is completed, it becooiea oot> 

3. Tbi Cobet Latbk or Oultr Bark, the cells of which contain no 
chlorophjll, and are of the nature of cork. ComiDon cork ii the thick 
corkj k;er of the bark of tlie Cork-Oak at Spain. It is tliia which givea 
to the stems or twigs of slirubs and trees the aspect and the color pecoUar 
to each, flight gra; in the Asb, purple in the Red Maple, red in seTeral 
Dogwoods, etc. 

4. Thb Efiskkkis, or skin of the plant, oonsiating of a lajer of thick- 
sided emptj cells, wbidi ma; be considered tA be the outermost lajer, or 
in most herbaceous stems the onlj lajer, of cork.cells. 



433. The green layer of bark seldom grows much after the first season. 
Sometimes the corky layer grows and forms new layers, inside of the old, 
for years, as in the Cork-Oak, the Sweet Gum-tree, and the White and the 
Paper Birch. But it all dies after a while ; and tbe continual enlargement 
of tbe wood within finally stretches it mure than it can bear, and sooner or 
later cracks and rends it, while the weather acts powerfully upon its su^ 
&ce ; so the older bark perishes and falls away piecemeal year by year. 

433. So on old trunks only the inner bark remains. This is renewed 
every year from within and so kept alive, wljile the older and outer layers 
die, are fissured and rent by the distentUng trunk, weathered and worn, and 
thrown off iu fragments, — in some t'.eea slowly, so that tbe bark of old 
trunks may acquire great thickness; in others, more rapidly. In Honey- 
suckles and Grape- Vines, the layers of liber loosen and die when only a 
year or two old. The annual layers of liber are sometimes as distinct aa 
those of the wood, but often not so. 

Fio. 481. Magnified view of snrfaie of a bit of yonng Maple wood ftum which 
the barli has been t«ni away, showing the wood^cells sjid the bark-ends of medul- 
lary raja, 

Plo. i82. Section in the opposite direction, from bark (on the left) to beginning 
of pith (on the right), and a mednlhuy raf extending from one to tiie other. 
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434. The Wood of an exogenoas trunk, haying the old growths covered 
by the new, remains nearly uncbauged in age, except from decay. Whereyer 
there is an annual suspension and renewal of growth, as in temperate cli- 
mates, the annual growths are more or less distinctly marked, in the form 
of concentric rings on the cross section, so that the age of the tree may bo 
known by counting tiieni. Over twelve hundred layers have been counted 
on the stumps of Sequoias in Califoruia, and it is probable tliat some trees 
now living antedate the Christian era. 

435. The reason why the annual growths are distinguishable is, that the 
wood formed at the beginning of the season is more or less different in the 
ii'ze or character of the cells from that of the close. In Oak, Chestnut, etc., 
tbe first wood of the season abouuds in dotted ducts, the calibre of which 
is many times greater thau that of the proper wood-cells. 

436. Sap-wood, or Albumnm. This is the newer wood, living or 
recently alive, and taking part in the conveyance of sap. Sooner or later, 
each layer, as it becomes more and more deeply covered by the newer ones 
and farther from the region of growth, is converted into 

437. Heart-wood, or Duramen. This is drier, harder, more solid, 
and much more durable as timber, than sap-wood. It is generally of a 
different color, and it exhibits in different species the hue peculiar to each, 
such as reddish in Red-Csdar, brown in Black-Walnut, black in Ebony, etc. 
The change of sap-wood into heart-wood results from the thickening of the 
walls of the wood -cells by the deposition of hard matter, lining the tubes 
and diminishing their calibre; and by the deposition of a vegetable coloring- 
matter peculiar to each species. The heart-wood, being no longer a living 
part, may decay, and often does so, without the least injury to the tree, 
except by diminishing the strength of the trunk, and so rendering it more 
liable to be overthrown. 

438. The Living Parts of a Tree, of the exogenous kind, are only 
these : first, the rootlets at one extremity ; second, the buds and leaves of 
the season at the other ; and tiiird, a zone consisting of the newest wood 
and the newest bark, connecting the rootlets with the buds or leaves, how- 
ever widely separated these may be, — in the tallest trees from two to four 
hundred feet apart. And these parts of the tree are all renewed every year. 
No wonder, therefore, that trees may live so long, since they annuaUy re- 
produce everything that is essential to their life and growth, and since only 
a very small part of their bulk is alive at once. The tree survives, but 
nothing now living has been so long. In it, as elsewhere, life is a transi* 
tory thing, ever abandoning the old, and renewed in the young, 

§ 4. ANATOMY OP LEAVES. 

439. Tlie wood in leaves is the framework of ribs, veins, and veinlets 
(125), serving not only to strengthen them, but also to bring in the sap, 
and to distiibute it throughout (very part. The cellular portion is the 
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green ptup, and is ntai\j the Mune as the gnea Ujer of the Wk. So tint 
the leaf ma; properlj enough be regarded aa a sort of expaaiioD of the 
fibrous and green lajeia of the bark. It baa no proper coriy lajer ; but 
the wttole ii coTered bj a traiupareot akiu or epidirmit, resembUi^ that 
of the stem. 

440. The cells of the leaf ue of Tuians fonns, rarelj so compact as to 
form 8 close cellular tissue, nsnallj looselj omiDged, at least in the lower 
part, BO as to give eopious interveniiig spaces or air passages, commoni- 
catiDg throughout the whole iaterior (Fig. M3, 4S3). The green color is 
given bj the ehlorophjU (117), seen through tlie ver; traasparent walls of 
the cells and through the translucent epidennis of tlie leaf. 

441. In ordinar; leaves, baving an upper and nuder surface, the green 
cells form two distinct strata, of different arrangement. Those of the 
npper stratum are oblong or cjliudrical, and stand endwise to the surface 
of the leaf, usuallj close together, leaving bsrdlj an; vacant spaces ; those 
of the lower are commonly irregular iu shape, most of ihein with their 
longer diameter parallel to the face of ihe leaf, and are verj looselj ar- 
ranged, leaving manj and wide air-chambers. The green color of the 
lower is tberefore diluted, aud paler than that of the upper face of the leaf. 
The npper part of the leaf is so constructed as to bear tlie direct action 



; the lower so as to afford freer circniation of air, and to 
facilitate transpiration. It communicates more directly than the upper 
with the extemRl air by means of Siomalei. 

443. The Epidermis or skin of leaves and all young shoots is best 
seen In the foliage. It ma; readily be stripped off from the surface of a 
LiJj-leaf, and still more so from more fleshy and soft leaves, such as those 

Fio. 183. Magnified section of a leaf of WhiU Lijy, to exhibit the cell'ilar 
fltroctare, both of upper and lover etratnm, the air-passages of the lower, sad 
the epidennis or skin, in section, also a little of that of the lower face, with som# 
of its stamatei. 
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of Honseleek. The epidennis ia uauillj composed of a single lajer, occa- 
sionallf of two or tbree layers, of empty 
cells, moadj of irregular outline. The 
nous lines wbicli trarerse it, and maj be dis- 




cerned under low powers of the microscope (Fig. 187)t are llie boundaries 
of the epidermal celb. 
443. Breathlus-pores, or Stoioates. Stomata (singular, a Stoma, — 

literallj, a moutb) are opetuuga through the epidermis into the air-cbambers 
or btercellular passages, always between and gunrded b; a pair of tltn. 
walled guardian celb. Although most abundant in learcs, cspeciallj on 
their luwer face (that which is screened from direct sunlight), the; aie 
found on most other greeu parts. The; establish a direct commuuication 
between the external air and that ia the loose interior of the leaf. Their 
guardian cells or lips, which are soft and delicate, liLe those of the greeu 
pulp within, bj their greater or leas tucgidity open or cl^se the orifice as the 
moisture or drjuesa varies. 

4M. In the White Lily the stomata are so remarVablj large that they 
may be seen bj a simple microscope of moderate power, and may be dis- 
cerned even by a good hand lens. There are about 60,000 of them to the 
square inch of the epidermis of the lower face of this Lily-leaf, and only 
about 3000 to the same space on the upper he». It is computed that an 
average leaf of an Apple-tree bas on its lower face about 100,000 of theae 
mouths. 



{ 5. PLANT FOOD AND ASSIMILATION. 

445. Only plants are capable of or^inating organizable matter, or the 
materials which compose the structure of vegetables and animals. The es- 
sential and peculiar work of plants is to take up portions of earth and air 
(water belonging to both) upon which animals cannot live at all, and to 
convert them into something organizable ; that is, into something that, 
under life, ma; be built up into vegetable and animal structures. AU the 
food of animala is produced by plants. Animals lire upon vegetables. 



Fig. 4S<. Small portion c 
'^th etomata. 
Flo. 4SS. One ol these, I 

Fla. 187. Sit 
■howlag very ai 



pi^lermis of the lower face of a White.Lily leaf, 
s magnified. In the dosed state. 486. Another 
a Balsam, liigU; nugnlQed, 
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directly or at second hand, the canuToroaa upon the herbiroroua ; and 
vegetables live apon earth and air, immediately or at second hand. 

446. The Food of plants, then, primarily, is earth and air. This is 
eyident enough from the way in which they live. Many plants will flourish 
in pure sand or powdered clialk, or on the bare face of a rock or wall, 
watered merely with rain. Aud almost any plant may be made to grow 
from the seed in moist saud, aud increase its weight many times, even if it 
will not come to perfection. Many naturally live suspended from tlie 
branches of trees high iu the air, and nourished by it aloue, never hav- 
ing any connection with the soil ; and some which naturally grow on the 
ground, like the Live-furever of the gardeus, when pulled up by the roots 
and hung iu the air will often flourish the whole summer long. 

447. It is true that £ftst-growing plants, or those which produce much 
TCgetable matter in one season (especially in such concentrated form as 
to be useful as food for man or the higher animals) will come to maturity 
only in an enriched soiL But what is a rich soil P One which contains 
decomposing vegetable matter, or some decomposing animal matter ; that 
is, in either case, some decomposing organic matter formerly produced by 
plants. Aided by this, grain-bearing aud other important vegetables will 
grow more rapidly and vigorously, and make a greater amount of uourisn- 
ing matter, than they could if left to do the whole work at once from the 
beginning. So that in these cases also all the organic or organizable matter 
was made by plants, and made out of earth and air. Far the larger and 
most essential part was air and water. 

448. Two kinds of material are taken in and used by plants ; of which 
the first, although more or less essential to perfect plant-growth, are in a 
certain sense subsidiary, if not accidental, viz, : — 

Earthy constituents, those which are left in the form of ashes when a leaf 
or a stick of wood is burned in the open air. These consist of some potash 
(or soda in a marine plant), some sUex (the same as flint), and a little limey 
aiumine, or magnesia, iron or manganese, sulphur, phosphorus, etc., — some 
or all of these in variable and usually minute proportions. They are such 
materials as happen to be dissolved, iu small quantity, in the water taken 
np by the roots ; and when that is consumed by the plant-, or flies off pure 
(as it largely does) by exhalation, tlie earthy matter is left behind in the 
cells, — just as it b left incrustiug the sides of a teakettle in which much 
hard water has been boiled. Naturally, therefore, there is more earthy 
matter (i. e. more ashes) iu the leaves than in any otiier part (sometimes 
as much as seven per cent, when the wood contains only two per cent) ; 
because it is through the leaves that most of the water escapes from the 
plaut. Some of this earthy matter incrusts the cell-walls, some goes to 
form crystals or rhaphides, which abound in many plants (422), some 
enters into certain special vegetable products, and some appears to be ne- 
cessary to the well-being of the higher orders of plants, although forming 
no necessary part of the proper vegetable structure. 

10 
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The esseniial eoiutitueiUi of the oiganic fabric are those which are dissi- 
pated into air and vapor in complete burning. They make up from 88 to 
99 per cent of the leaf or stem, and essentially the whole both of the celln- 
lose of the walls and the protoplasm of the contents. Burning gives these 
materials of the plant's structure back to the air, mainly in the same condi- 
tion in which the plant took them, the same condition which is reached 
more slowly in natural decay. The chemical elements of the cell- walls (or 
cellulose, 402), as also of starch, sugar, and all that class of organizable 
cell-material, are carbon, hydrogen, and oxygen (399). The same, with 
nitrogen, are the constituents of protoplasm, or the truly vital part of 
vegetation. * 

449. These chemical elements out of which organic matters are com- 
posed are supplied to the plant by water, carbonic acid, and some combina- 
tions of nitrogen. 

Watery far more largely than anything else, is imbibed by the roots ; also 
more or less by the foliage in the form of vapor. Water consists of oxygen 
and hydrogen; and cellulose or plant-wall, starch, sugar, etc, however 
different in their qualities, agree in containing these two elements in the 
same relative proportions as in water. 

Carbonic acid gas (Carbon dioxide) is one of the components of the atmos- 
phere, — a small one, ordinarily only about ^^ of its bulk, — sufficient 
for the supply of vegetation, but not enough to be injurious to animals, as it 
would be if accumulated. Every current or breeze of air brings to the leaves 
expanded in it a succession of fresh atoms of carbonic acid, which it absorbs 
through its multitudinous breathing-pores. This gas is also taken up by 
water. So it is brought to the ground by rain, and is absorbed by the roots 
of plants, either as dissolved in the water they imbibe, or in the form of 
gas in the interstices of the soil. Manured ground, that is, soil containing 
decomposing vegetable or animal matters, is constantly giving out this gas 
into the interstices of the soil, whence the roots of the growing crop absorb 
it. Carbonic acid thus supplied, primarily from the air, is the source of the 
carbon which forms much the krgest part of the substance of every plant 
The proportion of carbon may be roughly estimated by charring some wood 
or foliage ; that is, by heating it out of contact with the air, so as to decom- 
pose and drive off all the other constituents of the fabric, leaving the large 
bulk of charcoal or carbon behind. ^ 

Nitrogen^ the remaining plant-element, is a gas which makes up more 
than two thirds of the atmosphere, is brought into the foliage and also to 
the roots (being moderately soluble in water) in the same ways as is car- 
bonic acid. The nitrogen which, mixed with oxygen, a little carbonic acid, 
and vapor of water, constitutes the air we breathe, is the source of tliis 
fourth plant-element. But it is very doubtful if ordinary plants can use 
any nitrogen gas directly as food ; that is, if they can directly cause it to 
combine with the other elements so as to form protoplasm. But when com- 
bined with hydrogen (forming ammonia), or when combined with oxygen 
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(aitrio acid and nitrates) planU appropriate it with aTiditj. And leTeral 
natural processes are going on in wkicli nitrogen of tbe air is so combined 
and supplied to the soil in forms directly available to tbe pbint. The most 
efficient is nitrifieatioH, the formation of nitre (nitrate of potasb) in the soil, 
especially in all fertile soils, througb the action of a bacterial ferment 

450. Assimilation in plants is the conversion of these inorganic sub* 
stances — essentially, water, carbonic acid, and some form of combined or 
combinable nitrogen — into yegetable matter. This most dilute food the 
living plant concentrates and assimilates to itself. Only pknts are capable 
of converting these mineral into organizable matters ; and this all-important 
work is done by them (so far as all ordinary v^;etation is concerned) only 

451. Under the light of the sum, acting upon green parts or foliage, that 
is, upon the chlorophyll, or upon wliat answers to chloropbyll. wbich these 
parts contain. The sun in some way supplies a power which enables the 
living plant to originate these peculiar chemical combinations, ^^ to organ- 
ize matter into forms which are alone capable of being endowed with life. 
The proof of this proposition is simple ; and it shows at the same time, in 
the simplest way, what a plant does with the water and carbonic acid it 
consumes. Namely, 1st, it is only in sunshine or bright daylight that the 
gpreen parts of pUnts give out oxygen gas, — then they regularly do so ; 
and 2d, the giving out of this oxygen gas is required to render the chemical 
composition of water and carbonic acid the same as that of cellulose, that 
is, of tbe plant's permanent fabric. This shows why plants spread out so 
large a surface of foliage. Jjcaves are so many workshops, full of ma- 
chinery worked by sun-power. The emission of oxygen gas from any 
sun-lit foliage is seen by placing some of this under water, or by using an 
aquatic plant, by collecting the air bubbles which rise, and by noting that 
a t-aper burns brighter in this air. Or a leafy plant in a glass globe may 
be supplied with a certain small percentage of carbonic acid gas, and after 
proper exposure to sunshine, the air on being tested will be found to con* 
tain less carbonic acid and just so much the more oxygen gas. 

453. Now if the plant is making cellulose or any equivalent substance, 
— that is, is making the very materials of its fabric and growth, as must 
generally be the case, — all this oxygen gas given off by the leaves comes 
from the decomposition of carbonic acid taken in by the plant. For cellu- 
lose, and also starch, dextrine, sugar, and the like are composed of carbon 
along with oxygen and hydrogen in just the proportions to form water. 
And the carbonic acid and water taken in, less the oxygen which the carbon 
brought with it as carbonic acid, and which is given off from the foliage in 
sunshine, just represents the manufactured article, cellulose. 

453. It comes to the same if the first product of assimilation is su^ar, 
or dextrine which is a sort of soluble starch, or starch itself. And in the 
plant all these forms are readily changed into one another. In the tiny 
seedling, as fast as this assimilated matter is formed it is used in growth, 
that isy in the formation of cell-walls. After a time some or much of 
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the product may be accamalated in store for fature growth, as in the root 
of the turnip, or the tuber of the potato, or the seed of com or pulse. 
This store is mainly in the form of starch. When growtli begins anew, 
this starch is turned into dextrine or into sugar, in liquid form, and used 
to nourish and build up the germinating embryo or the new shoot, where 
it is at length converted into cellulose and used to build up plant-structure. 

454. But that which builds plant-fabric is not the cellular structure. 
itself; the work is done by the living protoplasm which dwells within the 
walls. This also has to take and to assimilate its proper food, for its own 
maintenance and growth. Protoplasm assimilates, along with the other 
three elements, the nitrogen of the plant's food. This comes primarily from 
the vast stock in the atmospliere, but mainly through the earth, where it is 
accumulated through various processes in a fertile soil, — mainly, so far as 
concerns crops, from the decomposition of former vegetables aud animals. 
This protoplasm, which is formed at the same time as the simpler cellulose, 
is essentially the same as the flesh of animals, and the source of it. It is 
the common basis of vegetable and of animal life. 

455. So plant'ossimitation produces all the food dnd fahnc of animals, 
8tarcli, sugar, the oils (which are, as it were, these farinaceous matters 
more deoxidated), chlorophyll, and the like, and eveu cellulose itself, form 
the food of herbivorous animals and much of the food of man. When 
digested they enter into the blood, undergo various transformations, and are 
at length decomposed into carbonic acid and water, and exhaled from the 
lungs in respiration, — in other words, are given back to the air by the ani. 
mal as the very same materials wliich the plant took from the air as its food, 
*- are given back to the air in the same form that they would have taken if 
the vegetable matter had been left to decay where it grew, or if it had been 
set on fire and burned ; and with the same result, too, as to the heat, — the 
heat in this case producing and maintaining the proper temperature of the 
animal. 

456. The protoplasm and other products containing nitrogen (gluten, 
legumine, etc.), and which are most accumulated in grains and seeds (for 
the nourishment of their embryos when they germinate), compose the most 
nutritious vegetable food consumed by animals; they form their proper 
flesh and sinews, while the earthy constituents of the plant form the earthy 
matter of the bones, etc. At length decomposed, in the secretions and 
excretions, these nitrogenous constituents are through successive changes 
finally resolved into mineral matter, into carbonic acid, water, and ammonia 
or some nitrates, — into exactly or essentially the same materials which the 
plants took up and assimilated. Animals depend upon vegetables abso« 
lutely and directly for their subsistence ; also indirectly, because 

457. Plants purify the air for animals. In the very process by which they 
create food they take from the air carbonic acid gas, injurious to animal res< 
piration, which is continually poured into it by the breathing of all animab, 
by aU decay, by the burning of fuel and all other ordinary combustion; and 
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they restore an equal bulk of life-auatainiiig oxygen needful for the raapiraticni 
of animals, — needful, also, in a certain measure, for plant? in any work tbej 
do. For in plants, as well as in animals, work is done at a oertain coat. 



f 6. PLANT WORK AND MOVEMENT. 

458. As tlie organic basis and truly living material of plants is identical 
with that of animals, so is the life at bottom essentially the same ; but in 
animak somethuig is added at every rise from the lowest to highest organ- 
isms. Action and work in living beings require movement. 

459. Living things move; those not living are only moved. Plants 
move as truly as do animals. The latter, nourished as they are upon or. 
ganized food, which has been prepared for them by plants, and is fonnd 
only here and there, must needs have tbe power of going after it, of collect- 
ing it, or at least of taking it in ; which requires them to make spontaneous 
movements. But ordinary plants, with their wide-spread surface, always 
in contact with the earth and air on which they feed, — the latter every- 
where the same, and the former very much so, — might be thought to have 
no need of movement. Ordinary pbints, indeed, have no locomotion ; some 
float, but most are rooted to the spot where they gprew. Yet probably all 
of them execute various movements which must be as truly self-caused as 
are those of the lower grades of animals, — movements which are over- 
looked only because too slow to be directly observed. Nevertheless, tlie 
motion of the hour-hand and of the minute-hand of a watch is not less real 
than that of the second-hand. 

460. Looomotion. Moreover, many microscopic plants living in water 
are seen to move freely, if not briskly, under the microscope ; and so like- 
wise do more conspicuous 
aquatic plants in their embryo- 
like or seedling state. Even at 
maturity, species of Oscillaria 
(such as in Fig. 488, minute 
worm-shaped plants of fresh 
waters, taking this name from 
their oscillating motions) freely 488 

execute three different kinds 

of movement, the very delicate investing coat of cellulose not impeding the 
action of the living protoplasm within. Even when this coat is firmer and 
hardened with a siliceous deposit, such crescent-shaped or boat-shaped 
one-celled phints as Closterium or Navicula are able in some way to move 
along from place to place in the water. 

461. Movements in Cells* or Cell-oirculation, sometimes called Qpr- 
elo8is, has been detected in so many plants, especially in comparatively 

FiQ. 48S. Two individuals of an Oscillaria, magnified. 
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tnuuparent aquatic plants and in hain on the surface of land pLmta (when 
it is easiest to observe), that it ma; be inferred to take pUce in all cells 
doling the moal active part of their life. This motion is common]; a 
streamiDg movemeat of threads of protoplasm, carrying 
along solid granules bj which the action maj be ob- 
served and the rate measured, or in some cases it is a 
rotation of the whole protoplasmic contents of the celL 
A comparalivel; low magnifjriug power will show it ia 
the cells of Nilella and Chara (which are crjptogamous 
plants) ; and under a moderate power it is trell seen in 
the Tape Grass of fresh water, Vallisneiia, and in Naiaa 
flexilis (Fig. 4S9). Minute particles and larger green- 
ish globules are seen t« be carried along, as if in a cur- 
rent, around the cell, passing up one side, across the 
end, down the other and across the bottom, completing 
the circuit sometimes within a miuute or less when well 
warmed. To see it well in tlie cell, which lite a string 
of beads form IJie hain on the slamcns of Spiderwort, 
a high ma^fjing power is needed. 

463. Trtasf«reaoe of Liquid from Cell to Cell, 

■nd so from pUce to place iu the plant, the absorption 

of water bj the rootlets, and the exhalation of the 

greater part of it from the foliage, — these and similar 

Operations are governed b; the physical laws which 

regulate the diffusion of fluids, but are controlled bj the 

action of living protoplasm. Equally under vital control 

*^ arc the various chemical transfonnations which attend 

assimilation nnd growth, and which involve not onlj moIecuUr movements 

but conveyance. Growth itself, which is the formation and shaping of 

new parts, implies the direction of internal activities to definite ends. 

463. Movements of Organs, The living protoplasm, in alt but the 
lowest grade of plants, is enclosed and to common appearance isolated in 
separate cells, the walls of which can only in their earliest state be said to 
be alire. Still plants are able to cause tlie protoplasm of adjacent cells 
to act. in concert, and b; their combined action to effect movements in 
roots, stems, or leaves, some of tttem very slow and gradual, some manifest 
and striking. Such movements are brought about through individusll; 
minule cbaoges in the form or tensiou in the protoplasm of the innumera- 
ble cells which make up the structure of the organ. Some of the slower 
movements are effected during growth, and may he explained by inequality 
of growth on the two sides of the beading organ. But the more rapid 
changes of position, and some of the slow ones, cannot be so explained. 
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464. Root-moT6ineat& In its growth a root tarns or bends away 
from the light and toward the centre of the earth, so that in lengtheniug 
it buries itself in the soil where it is to li?e and act. Every one must 
have observed this in the germination of seeds. Careful observations have 
shown that the tip of a growing root also makes little sweeps or short 
movements from side to side. By this means it more readily insinual^s 
itself into yielding portions of the soil. The root-tips will also turn 
toward moisture, and so secure the most favorable positions in the soil. 

465. Stem-movements. The root end of the caulicle or first joint of 
stem (that below the cotyledons) acts like the root, in turning downward 
in germination (makiug a complete bend to do so if it happens to point 
upward as the seed lies in tbe ground), while the other end turns or 
points skyward. These opposite positions are taken in complete dark- 
ness as readily as in the light, in dryness as much as in moisture : there 
fore, so &r as these movements are physical, the two portions of the same 
intemode appear to be oppositely affected by gravitation or other in- 
fluences. 

466. Bising into the air, the stem and green shoots generally, while 
young and pliable, bend or direct themselves toward the light, or toward 
the stronger light when unequally illuminated; while roots turn toward the 
darkness. 

467. Many growing stems have also a movement of Nutation^ that is, 
of nodding successively in different directions. This is brought about by 
a temporary increase of turgidity of the cells along one side, thus bowing 
the stem over to the opposite side ; and this line of turgescence travels 
round the shoot continually, from right to left or from left to right accord- 
ing to the species : thus the shoot bends to all points of the compass in 
succession. Commonly this nutation is slight or hardly observable. It is 
most marked in 

468. Twining Stems (Fig. 90). The growing upper end of such 
stems, as is familiar in the Hop, Pole Beans, and Morning-Glory, turns 
over in an inclined or horizontal direction, thus stretching out to reach a 
neighboring support, and by the continual change in the direction of the 
nodding, sweeps the whole circle, the sweeps being the longer as the stem 
lengthens. When it strikes agaiiist a support, such as a stem or branch of 
a neighboring plant, the motion is arrested at the contact, but continues 
at the growing apex beyond, and this apex is thus made to wind spirally 
around the supporting body. 

469. Leaf-movements are all but universal. The presentation by 
most leaves of their upper surface to the light, from whatever direction 
that may come, is an instance ; for when turned upside down they twist or 
bend round on the stalk to recover this normal position. Leaves, and the 
leaflets of compound leaves, change this position at nightfall, or when the 
light is withdrawn ; they then take what is called their sleeping posture, 
resuming the diurnal position when daylight returns. This is very striking 
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in Locnst'tren, m the Sensitive Plant (Fig. 490), and in WoodaorreL 
Yoong seedliiig* droop or dose tlieir leaves at nigtit in plants wliich are 
Dot thus affected in the adult foliage. All this ia thought to be a protec- 
tion against the cold bj noctnrnal ndia^n. 

470. Variona plants clirnb by a coiling movement cd their leaves or their 
leaf-atalks. Familiar examples are seen in Clematis, Maniandia, Tropso- 
Inm, and in a Solanum which is much cultirsted in greenhouses (Fig. 178). 
In the latter, and in other wood; plants vhich climb in this waj, the 
petioles thicken and harden after thej have gtsaped their support^ thus 
securing a very firm bold. 

471- Tendril mo7ement& Tendrils are either leaves or stems (08, 
I6S), speciall; developed for climbing purpoaes. Cobna is a good exam, 
pie of partial transformation ; some of the leaflets are normal, some of the 
same leaf are htUe tendrils, and some mtermediate in character. The 
Passion-flowers give good examples of umple stem-tendrils (Fig. 9S) ; 
Grape-Vices, of branched ones. Most tendrils make revolving sweeps, like 
those of twining stems. Those of some Passion-flowers, in snltrj weather, 
are apt to move fast enough for the movement actually to be seen for a part 
of the circuit, as plainly as that of the second-hand of a wateh. Two 
herbaceous species, Psssiflora gracilis and P. aicyoides (the fiist an annnal, 
the second a stroog-roob 
cultivation), arc admirabi 
revolviog movements and 

472. Movements tmd 
familiarcaseis thatoFthe 
The leaves suddenly tak< 
when roughly touched o 
The leaflets close in pair! 
tial petioles come closer t 
petiole is depressed. 
Tlie seat of the move- 
ments is at the base of 
the lear-slalk and aUlk- 
lets. Schiankia, a near 
relative of the Sensitive 
Plant, acU in the same 
way, but is slower. ' 
Tliese arc not anoma- 
lous actions, but only *^ 
extreme maiiircstatioDS of a faculty more or less common in foliage. In 
Locust and Honey -Locusts for example, repeated yaia will slowlj pro- 
duce similar effects. 
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173. Leaf-stslki and tendrSa md adapted to their oaa b dimbing by ■ 
aimilar BeositivetKoa. TUki coiling of the leaf-atalk ia in mponae lo m 
kind of irritation produced bj ooutact with tlw supporting bod;. Tbia 
maj be ahown bj gentle nibbing or piDJonged pieaanre upon tbe upper 
&oe of the leaf-stalk, 'which is soon followed bj a cnnratnre. Tod- 
drib are still more sensitive lo contact or light friction. This canaes the 
free end of tite tendril lo ootl round the aupport, and the aensitiTeneaa, 
propagated downward along the tendril, causes that side of it lo beoome 
less tui^escent or the opposite side more eo, thug throwing the Icudril into 
coils. This shortening draws tbe plant up lo the support. Tendrils which 
have not laid hold will at length commonlj ooil BpontaneonsI;, in a aimpls 
coil, from lia free apei downward. 

In Sicjos, Echinocyatis, and the 
above mentioned Passioo-Bowen 
(171), the tendril is so sensitire, 
uuder a high summer temperature, 
that it will cnrve and coil prompt- 
ly after one or two light stiokes 
by the hand. 

174. Among spontaneous move- 
ments tbe most singular are those 
of Desmodium gjrans of India, 
sometimes called Telegrapli-plant, 
which is cultivated on account of 
this action. Of ils three leaSels, 
the lai^r (terminal) one moves 
only by drooping at nigbtCsli and 
rising with tlie dawn. But its two 
small lateral leaflets, when in a 
congenial bigli tempemtnre, by day 
and by night move upward and 
doWDWaid in asucoession of jerks, 
stopping occasionaUy, as if to re- 
cover from eihsustion. In most 
plant-movements some obviously 

useful purpose is subserved : this *bi 

of Desmodium gyrans is a riddle. 

475. Movements In Flowers are very Tarious. The most remarkable 
are in some way connected with fertilization (Sect. XIII.)- Some occur 
under irritation ; the stamens of Burberry start forward when touched at 
the base inside: thoae of many polyandrous flowers (of Sparmannia very 
striking-ly) spread outvardlj vhcn liglitly brushed: the two lips or lobes 

n eynm). 
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of tbe sligma in Mimuloa close after k IouoIl Some are autoniatic and 
are connected TJtli dicbogem; (339) ; tbe gtjle of Sabbatia and of large- 
flowered spcciei of £pilobiain beuds oTer strongl j to one side or tuma down- 
ward when tbe blossom opeos, bjt slowl; erecta itself a da; or two later. 

476. Eztraordiiuuy Morements oonnaotsd with Capture of In- 
sMtB. 'i'lie moat atrikiug cases are tbose of Uroscra and Diouea; for ao 
acconnt of wbich see "How FlantB BcbBve," and Qoodale's " Fbjsiological 
Botany." 

477> The upper lace of the leaves of the common species of Drosera, 
or Sundew, is beset witb stout bristles, having a glsnduUr tip. This tip 
secretes a drop of a clear but ver; Tiscid liquid, whicli glistens like a dew- 
drop in the sun ; wheuce tbe popuUr name. When a flj or other small 
insect, attracted by tbe liquid, alighla upon the leaf, tbe viscid drops are so 
tenacious that they bold it last. lu stru^ltng it only becomes more com- 
Tiii.t».U pn (angled. Now tbe neighboring bris- 
I have not been tonched, slowly bead 
m all sides towaid the captured in- 
bring their stiokj apex against its 
i increasing tlie number of bonds. 
, the blade of the leaf commonly aids 
tare by becoming concave, its sides 
tumiug inward, which brings still 
le gland-tipped bristles into contact 
captive's body. The insect per- 
i clear liquid disappears, apparently 
by absorption into the tissue of 
the leaf. It is thought that the 
absorbed secretion takes witb it 
some of the juices of the insect 
or tbe products of its decompo- 
f sition. 

! 47S. Dionsa mnscipola, the 

most remarkable vegetable fly-trap 

(Fig. 176, 493), is related to tbe 

Sundews, and has a more special 

and active apparatus for fly- 

^^ oatcbing, formed of the summit 

of the leaf- Tbe two halves of Uiis rounded body move as if they were 

hinged npon the midrib ; their edges are fringed with spiny but uot 

glandular bristles, wbich interlock when tbe organ closes. Upon tbe face 

are two or three short and delicate bristles, wbich are sensitive. They do 

not themselves move when tonched, but Ibey propngate the sensitiveness to 

tbe organ itself, causing it t« close with a quick movement. In a fresh 

Fia 492. Plant o( Dloiuea mascipiila, or Venus'ii Fly-trap, redacsd b size. 
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and vigorous leaf, under a high summer temperature, and when the trap 
lies widely open, a toueh of any one of the minute bristles on the (aoe, by 
the finger or any extraneous body, springs tlie trap (so to say), and it 
closes suddenly; but after an hour or so it opens again. When a fly or 
other small insect alights on the trap, it closes in the same mannert and so 
quickly that the intercrossing marginal bristles obstruct the egress of the 
insect, unless it be a small one and not worth taking. Afterwards and 
more slowly it completely closes, and presses down upon the prey ; then 
some hidden glands pour out a giairy liquid, which dissolves out the juices 
of the insect's body ; next all is re-absorbed into the plant, and the trap 
opens to repeat the operation. But the same leaf perhaps never captures 
more than two or three insects. It ages instead, becomes more rigid and 
motionless, or decays away. 

479. That some few plants should thus take animal food will appear 
less surprising when it is considered that hosts of plants of the lower grade, 
known as Fungi, moulds, rusts, ferments. Bacteria, etc., live upon animal 
or other organized matter, either decaying or living. That plants should 
execute movements in order to accomplish the ends of their existence is 
less surprising now when it is known that the living substance of plants 
and animals is essentially the same ; that the beings of both kingdoms par- 
take of a common life, to which, as they rise in the scale, other and higher 
endowments are successively superadded. 

480. Work uses up material and energy in plants as well as in ani- 
mals. The latter live and work by the consumption and decomposition 
of that which plants have assimilated into organizable matter tlirough an 
energy derived from the sun, and which is, so to say, stored up in the as- 
similated products. In every internal action, as well as in every movement 
and exertion, some portion of this assimilated matter is transformed and 
of its stored energy expended. The steam-engine is an organism for con- 
Tcrting the sun's radiant energy, stored up by plants in the fuel, into me- 
chanical work. An animal is an engine fed by vegetable fuel in the same 
or other forms, from the same source, by the decomposition of which it 
also does mechanical work. The plant is the producer of food and accumu- 
lator of solar energy or force. But the plant, like the animal, is a con- 
sumer whenever and by so much as it does any work except its great work 
of assimilation. Every internal change and movement, every transforma- 
tion, such as that of starch into sugar and of sugar into cell-walls, as well 
as every movement of parts which becomes ext-ernally visible, is done at 
the expense of a certain amount of its assimilated matter and of its stored 
energy ; that is, by the decomposition or combustion of sugar or some such 
product into carbonic acid and water, which is given back to the air, just 
as in the animal it is given back to the air in respiration. So the respira- 
tion of plants is as real and as essential as that of animals. But what plants 
consume or decompose in their life and action is of insignificant amount in 
comparison with what they compose. 
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Section XVH. CKYPTOGAMOUS OR FLOWEKLESS 

PLANTS. 

481. Even tbe bep^inner in botany should have some general idea of 
what cryptogamous plants are, and what are the obvious distinctions of the 
principal families. Although the lower grades are difficult, and need special 
books and good microscopes for their study, the higher orders, such as 
Eems, may be determined almost as readily as phanerogamous plants. 

482. LinnsBus gave to this lower grade of plants the name of OrypiO' 
gamia, thereby indicating that their organs answering to stamens and 
pistils, if tliey had any, were recondite and unknown. There is no valid 
reason why tlds long-familiar name should not be kept up, along with the 
counterpart one of Phaiierogamia (6), although organs analogous to stamens 
and pistil, or rather to pollen and ovule, have been discovered in all the 
higher and most of the lower grades of this series of plants. So also 
the English synonymous name of Flowerless Plants is both good and con- 
Tcnient : for they have not flowers in the proper sense. The essentials of 
flowers are stamens and pistils, giving rise to seeds, and the essential of a 
seed is an embryo (8). Cryptogamous or !Flowerless plants are propagated 
by Spores ; and a spore is not an embryo-plantlet, but mostly a single 
pknt-cell (399). 

483. Vascular Crsrptogams, which compose the higher orders of this 
series of plants, have stems and (usually) leaves, constructed upon the 
general plan of ordinary plants ; that is, they have wood (wood-cells and 
vessels, 408) in the stem and leaves, in the latter as a frame work of veins. 
But the lower grades, having only the more elementary cellular structure, 
are called Cellular Cryptogams. Ear the larger number of the former are 
Perns : wherefore that class has been called 

484. Pteridophyta, Pteridophytes in English form, meaning Fen^ 
plantSy — that is, Ferns and their relatives. They are mainly Horsetails, 
Perns, Club-Mosses, and various aquatics which have been called Uydrop' 
terideSy i. e. Water- Ferus. 

485. Horsetails, Equisetaceay J 3 the name of a family which consists 
only (among now-living plants) of Eguisstum, the botanical name of Horse- 
tail and Scouring Rush. They have hollow stems, with partitions at the 
nodes; the leaves consist only of a whorl of scales at each node, these 
coalescent into a sheath : from the axils of these leaf-scales, in many species, 
branches grow cut, which are similar to the stem but on a mucb smaller 
scale, close-jointed, and with the tips of the leaves more apparent. At the 
apex of the stem appears the fructification, as it is called for lack of a better 
term, in the form of a short spike or head. This consists of a good num- 
ber of stalked shields, bearing on their inner or under face several wedge- 
shaped spore-cases. The spore-cases when they ripen open down the inner 
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siJe and discbaige a gnat nnmber of grwn spores of • un U^ eoongl) 
to be veil seen b; a lund-glua. The ipore* are aided b their diacharge 




«9T 18B us «ee 

aud disseminatiou bj four club-sbaped IhreadB attached to one part of them. 
These are liygrometric ; wLen moist the; are rolled _ _ 

np over the spore ; when drj they straighten, 
and exhibit livelj moremcuta, closing over the 
spore when breatlied upon, and anrolliug promptlj 
a moraeut after aa thej drj. (See Fig. 493-493.) 
486. Ferns, or FUloea, a most aitractive family 
of plants, are very numerous and varied- lu warm 
and equable climates some rise ioto forest-trees, 
with liabit of Palms ; hut most of them are perea* 
nial herbs. The wood of a Fem-truuk is very dif- 
ferent, however, from that of a palm, or of any eiogenoos stem cither. A 
section ia represented in Fig. 600. The curved plates of wood each ter- 

Fl0.ie3. Upper part or a stem or a Horsetail, EquitHtuinsylvittiuuin. 494. Part 
of tha h«Hd or apike of spore-casee, with some of the latter taken alf. 495. View 
(more enlai^ed) of nader (tide of the sbield-ehaped boily, bearing it circle of epor^ 
cases. 4B6. One of the latter detached and more m^piiBed. 497. A spore with 
the attached arms moistened. 498. Same when dry, the arme extended. 

Fro. 4&9. A Tree-Pern, Dick.wina arboresoens, with ■ young one near its base. 
In front a. common heibaceoua Fem (Palypodiuni rntgare) with lis creeping stent 
or rootetock. 

Fio. GOO. A section of the tmnk of a Tree-Fem. 
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miiuite upward in a le>f-st«IL The subterraneBii trunk or stem of an; 
BtroDg-growiug herbaceous Fern shorn a similar structure. Most Ferns 
are circinate in the bud ; that is, are rolled up in ihe manner shown in Fig. 
197. UnooiUng as thej grow, thej lure gome likeness to a crosier. 

487. The fractificatioii of Ferns is borne on the back or under side of 
tbe leaTO- The earl; botanists thouglit titis such a pecoliarit; that the; 



aln'ajs called a Fern-leaf a -Fbond, and its petiole a Stife. Usage con- 
tiuues tliese terms, although thej are superfluoas. Tbe fruit of Ferns 
consists of Spose-cases, tecbnicall; Sfobahgia, wbich grow out of the 
Teins of the leaf. Sometimes these are distributed over the whole lower 

FlQ. EOl. The WalkiDK-Feni, CsmptoBDrns, rednced In size, Bhowing its fruit, 
dots OS the veins BpproximHted m paira. 602. A small piece (pinnnle) of a 
Shield-Fern! a raw of fruit-dots on each eidn of the miilrib, each covered bf ita 
kidne;-Bhaped IndiiBiniii. 503. A epore-case froiu the latter, just bursting by the 
partial straighteuing of tha incomplete ring; well magnified, £04, Three of the 
spores of 509, mors magnified. 505. SchiueB pusilU, a very amsll and simple- 
leaved Fern, drawn nearly of natural aize. 508, One of the lelies of its fruit- 
bearing portion, magoifled, bearing two raws of apore-casea. EOT. Spore-oaso of 
tha latter, detached, opening lengthwise. 508. Adder-tongue, Ophioglossuni: 
spore-casea in a kind of spike: a, a portion of the fruiting part, about uataral 
aiie ; showing two rows of the firm apore-eues, which open transveiiely into two 
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BDiface of the te»f or frond, or orer the whole turtaot when there «re no 
proper teaf-bUdes to tlie frond, but all is reduced U> stalks. Commonlj the 
spore-cases occupj onlj delaclied spots or lines, each of which is called ■ 
Scans, or in English merelj a Fniit^oL In min; Ferns these fruilniots 
ftre naked ; in othere thej are produced under a scale-like bit of membrane, 
called an Ixdusich. In Haidenhair-Fems a little lobe of the leaf is folded 
back over each fmit-dot, to serve as its shield or indusimn. In the tme 
Brake or Bracken (Pteris) the whole edge of the fruit-bearing part of the 
leaf is folded back over it like a hem. 

488. The form and structuic of the spore-cases can be made ont wiUi 
a common hand magnifying glass. The commooeat kind (itliown in Fig. 
50!)) Las a stalk formed of a row of jointed cells, and is itself composed 
of a lajer of thio-walled cells, bat is incompletelj sorronnded b; a border of 
thicker-walled cells, forming tbe Rliro. This extends from the stalk up 
one side of the spore-case, round its summit, descends ou the olher side, 
bat there giaduollj vanisbea. In ripeoing and drying the shrinking of the 
cells of the ring on tbe oat«r side causes it to straighten; in doing so it 
lean the spore-case open on the weaker side and 
discharges the minute spores that fill it, com- 
monlj with a jerk which scatters them to the 
wind. Another kind of spore-case (Fig. 507) 

is stalkless, and has its 
L ring-cells forming a kind 
^ of cap at the top : at ma- 

inritj it splits from top 

to bottom b; a regiilur 

dehiscence. A third kind 

is of firm texture and 

opens across into two 

valves, like a clam-shell 

(Fig. 508°) : tliis kind 

makes an approach to the 

next family. 
489. The spores genni- 

natc on moisteocd gronnd. 

In a conseivatorj thej 

maj be foand germinating 
on a damp wall oi on the edges of a well-watered flower>pot. Instead of 
direcUj forming a fem-plantlet, the spore grows first into a bodj which 




Fia. SOS. A young prothallaa of a Maiden-hair, moderaUly enlarged, sod ad 
older one with tbe flnit fsm-1e*r developed from near the notch. &W. Middle por- 
tion of the young one, much magnified, showing Iwlow, partly among the rootlets, 
tbe ontAaidia or fertiliniig organs, and above, near the notch, thies jt rtt H v iK* 
to be ferUliiad. 
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closelj resemblM a small Li*erwort. This is named a pKOiBALLua (Fig. 
509) : from some point of this » bud appears to originate, wbich prodnoea 
the first fern-leaf, soon followed by a second and tliird. and ao the stem 
and leavei of the plant are set op. 

400. Investigation of thia prothallna nnder the microscope rerolted in 
the diaoomj of a wholly iinaiupeot«d kind of fertilization, taking place at 




this genninating stage of the plant. On the under side of the prothallus 
two kinds of organs appear (Fig. 510). One maj be likened to an open 
and depressed oTole, with a single cell at bottom answering to nucleus ; 
the other, to an anther; but instead of pollen, it dischatges corkscrew- 
sbaped microscopic Glamenta. which bear some cilia of extreme tennity, by 
tie rapid yibration of which the filaments move freely over a wet snriace. 
These filaments travel over the surface of the prothallus, and even to other 
prothalli (for there are natural hybrid Ferns), reach and enter the OTule- 

FlQ. fill. Lycopoiliam Carolininnum, of nearl; aatnrsl size. G13. Insids view 
of one or the bracts and spore-caae, magnified, 

Flo. 513. Open 4-valved spore-case of a SaUgiDella, and ita fonr Ibtrb sporea 
(maorosporefl), m^piilied. 614. Mttorosporca of another SelsginBlla. 615. Saine 
separated. 

Fio. 513. Plant of Igoetea. 617> Baae of a leaf and contained gporocarp filled 
vith micraBporea cut across, magnified. 518. Same divided lengtfavlBe, eqaally 
maguifled ; some microBporea aean at the left G19. Section of ■ Bpore-caae contain- 
ing macroaporee, equally oiagiiiSed; at the right three niacroaporea more magnified. 
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like csTitiea, and fertilize tbe celL Thu therenpiui tela np a grovth, fbnna 
a legetable bod, and to dcTelope tlie new plaoL 

491. An essentiallj aimilar pcnceas of rertilintioD ha* been diaooTcred 
in the preceding and the foUowiiig familiea of Pteridophjtea ; but it b 
mostlj subterranean and very difficult to obseire. 

493. Clnb-MoEses or Lyoopodlamfl. Some of the eommon kiuda, 
called Ground Fine, are faaiiliar, being lai^l; uaed for Cliristmaa vreaiha 
and other decoration. Thej are low evergreens, some creeping, all iritb 
considerable wood in their stems: this thicklj beset villi small leavea. In 
the axila of ooice of tlieae leares, or roore comnicHilj, in the axils of pecu- 
liar leaves changed Into bracts (as in Fig. 611, 519) apore.cases appear, aa 
roundish or kidnej.ahaped bodies, of firm texture, opening round the top 
into two Talves, and dischai^iiig a great quanlitj of a very fine jellow 
powder, tlie spores. 

493. The Selaginellas have been aepamted from Ljcopodiam, vbicti 
thej much resemble, becanse thej produce two kinds of spores, in sep«- 
tat« spore-caaes. One kind (Mickosfo&es) is just that of Ljcopodinn; 
the otber cousisls of onlj 

four large spores (MaCBO- 
8K)ilkb}, in a spore-case 
wiiicb usual]; breaks in 
pieces at maturity (Pig. 
513-515). 

494. The Qnillworts, 
laoeteg (Fig. 616-519), 
are very unlike Club Mos- 
ses in aspect, hut have been 
associated with them. Thej 

look more like Rushea, and I 

live in water, or partlj out 
of it. A very short stem, 
like a conn, bears a cluster 
of roots nndemeath ; above 
it is covered bj tlie broad 
bases of s cluster of awl- 
sliapcd or thread -shaped 
leaves* Tlie spore-cases 

are inimersed in the bases ^20 

of the leaves. The outer 

leaf-bases contain numerous macrospores ; the inner are filled with innu- 
merable microspores. 
49B. The Plllworta (.Variilia and Piiniaria) are low aquatics, which 

Fic- 520. Plant of HarsilU quadritollats, reduced la the ; at the right a pair of 
sporo-carpa of about natural size. 
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beir globular or pill-sbfiped ftnit (SroBocA^Fs) on the lower part of their 
leaf^talka or on their sleuder oreeping stems. The leaves of the commoner 
species of Uarsilia might be taken for foui^leaved Clover. (See Fig-. 520.) 
The iporocsrps are asusU^ mised on s short stalk. Within thej are 
divided lengthwise by a partition, and then croaawise bj several partitions. 
These psrtitions bear numerous delicate sacs or spore-cases of two kinds, 
intermixed. The lai^r ones contain each a large spore, or macrospore ; 
the smaller contain numerous microspores, immersed in mucilage. At 
maturitj the fruit buiata oraphts open at top, and the two kinds of spores 
are discha^ed. The large ones in germination produce a small prothallus ; 
upon which the contents of the miorospoies act in the same mj as in 
Ferns, and witb a similar result. 

496. Azolla is a little Qoatit^ plant, looking like a small LiTcrwort or 
Moss. lis branches are covered with minute and scale-shaped leaves. 
On the under side of the branches are found egg-shaped tbln-walled sporo- 
caips of two kinds- The small ones open across and discharge micro- 
spores ; the lar|^r burst irregularlj, and bring to view globose spore-oases, 
attached to the bottom of the sporocarp by a slender stalk. These delicate 
spore-oases burst and set free about four macroapores, which are ferti- 
lized at germination, in the manner of the Fillworts and Quillworts. 
(See Fig. 681-536.) 




497, Cellnlar Cryptogams (i83) are so called because composed, 
even in their higher forma, of cellular tissue onlj, without proper wood- 
cells or vessels. Many of the lower kinds are mere plalea, or ribbons, 
or simple rows of cells, or even Single cells. But their highest orders 
follow the plan of Ferna and phanerogamous plants in having stem and 
Icares for iheir upward growth, aud commonlj roots, or at least rootlets, 

Fio. 621. Small piant of AioUa Caroliiiiana. 522. Portion magnified, showing 
the two kinds of sporocarp; tha Hmall ones contain microsporea ; S23 represents 
oaa mors magniHed. 521. The larger sporocarp more magnified. t>25. Sama 
more magnified and burst open, showing sUlked sporo-csaea. B20. Two of the 
latter highly magnified ; one of them bnnting shows four contained macTOaporsBi 
between the two, three of these spores highly m 
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to attach them to the sofl, or to trunks, or to other bodies on which thej 
glow. Pknts of this grade are chieflj Mosses. 80 as a whole thej take 
the name of 

498. Bryophyta, Bryophytes in English form, Bryum being the 
Greek name of a Moss. These plants are of two principal kinds : true 
Mosses {Muscij which is their Latin name in the plural) ; and Hepatic 
Mosses, or Liverworts {Hepatic4g). 

499. Mosses or MiisoL The pale Peat-mosses (species of Sphagnum, 
the principal component of sphagnous bogs) and the strong^growing Ilaii^ 
cap Moss (Poljtrichum) are among the lar- 
ger and commoner representatives of this 
numerous family ; while Fountain Moss (Fon- 
tmalis) in running water sometimes attains the 
length of a yard or more. On the other hand, 
some are barely individually distinguishable 
to the naked eye. Fig. 527 represents a com- 
mon little Moss, enlarged to about twelye 
times its natural size ; and by its side is part 
of a leaf, much magnified, showing that it is 
composed of cellular tissue (parenchyma-cells) 
only. The leaves of Mosses are always sim- 
pie, distinct, and sessile on the stem. The 
fructification is an uni-sbaped spore-case, in 
this as in most cases raised on a slender stalk. 
The spore-case loosely bears on its summit 
a thin and pointed cap, like a candle-extin- 
guisher, called a Calyptra. Detaching this, it 
is found that the spore-case fs like a pyxis 
(376), that is, the top at maturity comes off 
&8 a lid {Opereulum) ; and that the interior is 
filled with a green powder, the spores, which 
are discharp^ed through the open mouth. In 
niost Mosses there is a fringe of one or two 
tows of teeth or membrane around this mouth 
or orifice, the Periston e. When moist the peristome closes hygrometri- 
cally over the orifice more or less; when drier the teeth or processes 
commonly bend outward or recurve ; and then the spores more readily es- 
cape. In Hair-cap Moss .a membrane is stretched quite across the mouth, 
like a drum-head, retaining the spores until this wears away. See Figures 
527-541 for details. 

500. Fertilization in Mosses is by the analogues of stamens and pistils, 
which are hidden in the axils of leaves, or in the cluster of leaves at the 




Fio. 627. Single plant of Physcomitrium pyriforme, magnified. 528. Top of a 
leaf, cut across; it consists of a single Uyer of cells. 
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cod of Uie stem. The analc^e of the antlier (Anih«ridium) is a oellulai 
HC, Thich in bursling diacbarges iaDumerable delicate cells Soatin;; in ft 
mucilsginona liquid; each of these buraU and sets free a ribratile self- 




moving thread. These threads, one or more, reach the orifice of tlie pistil- 
shaped bod;, the PMUUdium, and act upon a particular cell at. its base 
within. Tliia cell in ila growth develops into the spore-case and its stalk 
(when there is &□<«), carrting on its aumoiit Ihs wall of the pistiUidiura, 
which becomes the cnlyptra. 

501. Liverworts or Hepatic Mosses [Hepalica) in Bome kinds re- 
semble true Mosses, liaviog distinct stem and leaves, although their leaves 
occasionallj ran together; while in others ihere is no distinction of st«ni 
and leaf, but the wliole plant is a leaf-like bodj, which produces rootlets on 
the lower face and its fructificution on the ujiper. Those of the moss-Uke 
kind (sometimea called Scale-Uoases] iiave their tender spore-cases splitUng 
into four valves ; anil with their spores are intermixed some slender spiral 

Fio. 529, Mnium cnspiilatnm, Bnmllsr thsn nature. 530. Its cnlyptra, detached, 
eoUi^ed. 531. Its Bpore-cn»e, with top of sUIk, mngnified, the lid <532) being 
detached, the outer peristome appears. 633. Part of a. cellular ring {annulaif 
which was under the lid, outside of the peristoiue, more niagnifi*d. 534. Some 
of the outer and of the inner peristome (connisting of jointed teeth) much uingni. 
fled. 535. Antheridin and a pistillidium (llie BO-called flower) at end of a stem 
of same plant, the leaves torn away |qf, anthoridia, ?, pislillidium), magnified. 
636. A bursting antheridlum, and some of the accompanying jointed threada, 
highly niagniRed. 537. Summit of an open spore-case of a Haas, which has 
a peristome of 1& pairs of teeth. 53S. The double peristome of a Hypnom. 
639-541. Spor»«ae«, detached calyptrs, and top of more enlarged ipore-caae 
■nd detached lid, of Phyecomitrium pyriforme (Fig. 537) : orifice shows that then 
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and very hjgrometrie tLreads (called Slahn) vhicb tie thought to lid In 
tbe dbpersiou of tlie aporea. (Fig. 642-544.) 

503. UarcluDtU, tlie communest uid largest of the true Liverworta, 
fonna lai^ green plates or fronda on damp and sUadj grooud, and aenda up 
from some part of the upper face a atout atalk, ending in a aerent-lobed 
umbrellft-^liaped bod;, aiider tbe lobes of wluch bang Mferal tbin-valled 
spore-caaes, wliich burst open and discharge spores and elaten. BJccia 
natans (Fig. S45) consiata of wedge-shaped or heart-shaped fronds, which 
float free in pools of atill valer. The niider face bean copious rootlets ; in 
the subatance of the upper (ace are tbe spore-caoes, their painted tips 




merely projecting: there tbey burst open, and discharge their spores. 
These are comparatively few aud large, and are in fours j so tlie; are Tcr; 
like the macrospores of Fillworta or Qnillvorta. 

603. Thallc^Tta, <»' ThoUophjrtes in £uglish form. This is the name 
for the lower class of Cellular Cryptogams, — plants in which there is no 
marked distinction into root, stem, and leaves. Boots in any proper sense 
they never have, as organs for absorbing, although some of the lai^r 
Seaweeds (such as tbe Sea Colander, Fig. 653) have them as holdlasts. 
Instead of axis and foliage, there is a stratum of frond, in such pknta 
oommouly called a Thallcs (by a strained use of a Greek and Latin word 
which means a green elioot or bongh), wlueh may have any kind of form, 
leaf-like, stem-like, brancliy, extended to a flat phite, or gathered into a 
Bpliere, or drawn out into threads, or reduced to a single row of cells, or 
even reduced to single cells. Indeed, Thallophytes are so multifarious, so 
numerous in kinds, so protean in their stages and transformations, so re- 
condite in their fructification, aod many so microscopic in size, either of 

Fia. 642. rructification of a Jnugemunnia, magnifled; its cellulu' ipor^^tolk, 
■urroDnded at base by some of the leaves, aC sammit the 4-Talved apore^sase open- 
ing, dischargii^ spores and eloters. MS. Two elatera and some spams from thu 
■ams, highly magnified. 

Fio. Ci44. One of tbe frondose LtTerworts, Steetzia, otherwise Uke a JungeF 
mapnia ; the spore-ca*e not jet protraded from its sheath. 
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the plant itself or its essential organs, that thej have to be elaborate!/ 
described in separate books and made subjects of special study. 

504. Nevertlieless, it may be well to try to give some general idea of 
what AlgiB and Lichens and Euugi are. Linnseus had them all under ihe 
orders of Algs and Fungi. Afterwards the Lichens were separated; but 

6i6 MS M7 




of late it has been made most probable that a Lichen consists of an Alga 
and a Fungus conjoined. At least it must be so in some of the ambiguous 
forms. Botanists are in the way of bringing out new classifications of the 
Thallophytes, as they come to understand their structure and relations 
better. Here, it need only be said that 

505. Lichens live in the air, that is, on the ground, or on rocks, trunks, 
walls, and the like, and grow when moistened by rains. They assimilate air, 
water, and some earthy matter, just as do ordinary plants. Algae, or Sea- 




560 



661 



662 



weeds, live in water, and live the same kind of life as do ordinary plants. 
Fungi, whatever medium they inhabit, live as animals do, upon organic mat- 
ter, — upon what other plants have assimilated, or upon the products of 



Fia. 545, 516. Two plants of Riccia natans, abont natural size. 547. Magnified 
section of a part of the frond, showing two immersed spore-cases, and one emptied 
space. 548. Magnified section of a spore-case with some spores. 549. Magni- 
fied spore-case torn oat, and spores; one figure of the spores miited; the other of 
the four separated. 

Fig. 550. Branch of a Ohara, about natural size. 551. A fhiiting portion, 
magnified, showing the structure; a sporocarp, and an antheridium. 552. Outlines 
of a portion of the stem in section, showing the central cell and the outer or 
jcortical cells. 
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their deoj. True u these geneiml diatinctioiu ue, it is no leu true thit 
these orden ran together in iheir bvest forms ; and that Alga ind Fangi 
maj be traced down into forma so low and simple that no clear liike can be 
drawn between them ; and eren into forms of which it is uncertain whether 
thej shoold be called plants or soiroals. It is as well to sa; that thej are 
not high enough in rank to be distinctiTelj either the one or the other. On 
the other hand there b a peculiar group of plants, which m simplicitj of 
compo^tdon resemble the simpler AlgK, while in fructification and in tJie 
arrangements of their simple cells into stem and blanches Ihej aeem to be 
of ft higher order, vie. : — 

fi06. Oharaoes. These are aqtialic herbs, of cousidpTable size, abound- 
mg in pouds. Tha simpler kinds (Nit«lU) have llie stem formed of a 
single tow of tubular celts, and at the nodes, or jnncliou of the cells, a 
whorl of similar bt&nches, Ghara (Fig. 550-553) is the same, except that 
the cells which make np the stem and the principal branches are strength- 
ened by a coating of many smaller tubular cells, applied to the surface 
of the main or central cell The fructiit 
cation consists of a globniar sporocarp 
of considerable size, which ia spirallj 



enwrapped bj tubular cells twisted around it: b; the side of this is a 
Bmaller and globular antheridinm. The latter breaks up into eight shield' 

FlQ. 563. Aganun Tumari, S» ColaniJor (so called from the perforation* with 
whicb the frond, bm it grows, becontoa riddled); Terymnclt reduced iasize. 

Fio. CM. Upper end of a Bockweed, Fucns Teaicnlosna, reduced half or mon. 
6, the fmctificatJon. 



168 CEYPTOGAMOnS OR FL0WERLES9 PLANTS, [SaCTION 17. 

shaped pieoM, with an inUmBl stall, and bearing long and ribbon -shaped 
fllamenti, whicli conaist of a row of delicate cella, each of vhicli dis- 
chac^es a free-moviug microscopic thread (the analogue of the pollen oi 
pollen-tube), nearl; in the maimer of Fenis and Uosses. One of these 
threads reaches and fertiliiea a cell at the apex of the nucleus or solid 
bodj of the sporocarp. Tlib subsequentlj germiuates and forma a new 
individual. 

507. AlgtB or Seaweeds. The proper Seaweeds maj be studied bj 
the aid of Professor Farluw's "Marine AigEB of New Euglandj" the 



fresh-water species, hy Prof. H. C. Woods's " Fresh-water Algie of Nortli 
America," a laiger and less accessible volume. A few commou forms are 
here very briefly mentioned and illustrated, to give an idea of the family. 
But thej are of almost endless diversity. 

COS. The common Rockweed (Fucus Tcsiculosus, Fig. 554, aboun^ag 
between high and low water mark on tlw coast), the rarer Sea Colander 
(Agaruin Tumeri, Fig. 663), and LamJnaria, of which the larger forms 
are called Devil's Aprons, are good representatives of the olive green or 
brownish Seaweeds. Thej are attached eithe/ by a disk-like base or by 
root-like holdfasts to the rooks or stones on which they grow. 

609. The hollow and inflated places in the Fucus veaiculosus or Bock- 
weed (Fig. 554) are air-bladders for buoyancy. The fructification forms 
in the substance of the tips of the frond : the rough dots mark the places 
where the conceptacles open. The spores and the fertilizing cells are iu 
different plants. Sections of the two kiods of concept acles are giren in Fig. 
5GS and 656. The contents of the conceptacles are discharged through 

Fid. 655. Magnified gection throngti a fertile concsptacle of Rockweed, showing. 
the Ungt spores fn the miclst of threads •>! cells. 656. Similar section of a sterile 
Qonceptacle, containiog slender antlietidia. From Farlow's " Httrine Alga of Sa\ 
&ig)uid." 
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asmall orifice vhicli iu each figure is at the margin of the page. Tlie large 
spores are formed eiglit togetber in a luollier-ccU. Tlit: uiiuute oiutile 
filauieuts of the antheridia fertilize the large spures after iujoction \ato tbe 
water: aud then tbe latter pramptif acquire a ccll-wull aiid gerruiuate. 

510. The Florides or Kose-red series uf marine AlgE (wLicli, however, 
are sometiaies greeu or browuisL) are Ibe must attractive to amateurs. 
Tbe delicate Porpbjra or I^vei is in some countries calcu aa a deljcacj, and 
tbe carlilnginous Cbuadrus crispus baa 
beeu lai^l; used for jell;. Besides tbeii 
CODCeptuclea, which cojitaiu true spores 
(Fig. 560), tbej moallj have a fructifi- 
catiou iu Telratporet, tljBt is, of Sjioi-es 
origiiMliug in fuur^ (i'ig. 659). 




fill. The Grasa-green Algas sometimes form broad niembranoua fronds, 
such 03 those of the commoa Ulva of the sea-shore, but oiost of tbeui form 



e threads, either simple or branched. To this division belong almost 

Fio. 557- Small plant of Chondrus cHspna, or Can-ageeu Moss, reduced in 
aizB, in fruit; the spots represent tlis fmctili cation, conBisting of nnmerous tetra- 
sporea in bundles in the snbstance of the plant. 658. Section throui^h the thickness 
of one of the lobes, magnified, passing tlirough two of the imtiedded fruit-dusters. 
659. Two of its letraspores Ispores in fours), highly m^niHeJ. 

FlO. 560. Section throngh a conoeptacle of Delesseria Leprieurei, much magni- 
fied, showing the spores, which are single specialized cells, two or three in a row. 

FlO. 66!. A piece of the rose-red Delesseria Lepreiurei, douhle natural size, 
W&. A piece cnt out and much mognitleit, showing that it is coniposed of a layer 
of cetU. 663. A tew of the cells more highly niagnified : the cells are gehitinoiis 
and thick- walled. 



170 



CEYPTOQAMOUS OR FL0WEBLES8 PLANTS. [SECTION 17, 



all the Fieah-int«r Algte, sucli as those wbioh constitute tbe silkj tbreada 
or green slime of runiiiug streams or slauding pools, and wLich were all 
called Confervaa before tlicir imnieoae diversity was kuown. Some are 
formed of a single row of cells, developed each from tbe eud of anotlier. 
Otben branch, tbe top of one cell produciug more tlian one oew one 
(Fig. 564). Otbers, of a kind which is verj common 
in fresh water, simple threads made of a liue of cells, 
hare the chlorophyll and jiratoplasm of each cell ar- 
ranged iu spiral linea or bands. 
Thej fono spores in a pecuUar 
waj, which gives (o tiiis familj the 
designation of coujugating AlgM. 

513. At a certain time two par- 
allel threads approach each other 
more closelj ; contignous parts of 




a cell of each thread bul^ or grow out, and unite when they meet; tbe 
cell-wall partitions between them are absorbed so as to open a free conmra- 
nication; the sjiiral band of green matter in botli cells breaks up; the whole 
of that of one cell passes over into the otber ; and ot the united contents 
a large green spore is formed. Soon t!ie old cells decaj, and the spore 

FlQ. 664. The growing end of a branching Conferva (Cladophora gloniersta), 
much mngnifieil ; Bhowiog how, by a kind of budding growth, a new cell ia Tomied 
by a cross partition Beparatiug the newer tip from the older part below; also, bow 
th« branches arise. 

Fio. 666. Two magnified iniiividiiala of a Spirtgyra, forming spores bj con- 
jugation; a completed spore at base : above, successive atagea of the coqjugation 
are represented, 

Fio. 666. Closterium acutum, a common Desoiid, moderately maj^iified. It is 
a single Unn-walled cell, filled with green protoplasmic matter, 

Pio. 667. More magnified view of three atages of the coqjugation of a pair of 
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set fm) ia read; to gembate. Yig. E6S represents Mvenl stages of tlia 
conjugating process, wbicb, however, would never be found all together like 

this in one pair of tbreads. 

613. Desmids and Diatomes, wliich are microscopic oac^celled plants of 
the same class, coojugite in tbe same way, as la sLown in a Cloaterium faj 
Fig. 566, S67> Here the whole living contents of two iudividuala are in- 
corporated into one spore, for a freah start. A reproduction which coata 
the life of two iadividoab to mate a single new one would be fatal to the 
species if there were not a provislou for multiplication bj the prompt divi- 
sion of the new-formed individual into two, and these again into two, and 
SO on in geometrical ratio. And the costlj proceu would be meaningless 
if there were not some real advantage in such a freah start, that is, in 
sexes. 




GIJ!. There are other AIgs of the grass-green series which consist <^ 
single cells, but which b; continued growth form plants of considerable 
size. Three kinds of these are represented in Fig. 56S-571. 

615. Llolieas, Latin Liekattt, are to be studied in the works of the 
late Professor Tuckerman, but a popular exposition is greatly needed. 
The sabjoined illustrations (Fig. 675-5SO) ma; si mpl; indicate what some 
of the commoner forms are like. The cup, or shield-shaped spot, or knob, 
which hears tbe fructification is named the Apotheeium. Thb is lualnl; 



Fla.568. Earlfatage oraapecieaof Botrydium.aglaboMcell. 669,670. Stages 
or growth. 671. Fall-grown plant, extended anil ramlHed below iu a root-like 
tny. 672. A Vancheria; aii^te cell grown on into a much-branched thread; tbe 
end of Home branchea enlarging, and the green conCente in one <ri) tbers condensed 
Into a Bpore. 673. More mignifled view of a, and tbe matnre spore escaping. 
671. Bryopils plumosat apei of a stem with its bnmchletai all the eitaneion at 
one celL Vuioual; magnified. 
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oompoBod of slender saes (Jin), liaring thread-Bliaped cells intenmied ; 
•nd each ucua coaUins few or iieveral spores, which are commoiilj double 
or treble. Most Lichena are flat eipaasious of grajisb hue ; some of them 
foliaceoDS in texture, but Dever of briglit green color; more are crusta- 
ceooa; some are wboUj pulverulent and near!; formless. But in several 
the vegetation lengthens into an axis (aa in Fig, 580), or imitates stem 



>^ 



...^hi^;^^ 



■nd branches or threads, as in the Beindeet-Moss on the ground in ont 
nortliem woods, and the Usnea hanging from the bonghs of old trees 
overhead. 

516. Ftmgi For this immense and greatly diversified class, it mort 
here suffice to indicate the parts of a Musbroom, a Sphieria, and of one or 
two common Moulds. The true vegetation of common Fnngi consists of 
slender cells which form what Is called a Mycelium. These filamentous 



Fio, S75, A atone on wbich v&riaua Lichena are growing, auch as (passing from 
left to right) a FarmeliiL, a Sticta, aarl on the right, Ijecidia geogrsphica, ao called 
from its patches reaembling the nntUne of ialaiids or continents oa depicted npon 
mapa, G7S. Piece of thalhie of Parnielia conapersa, with aection throngh an 
apothecinm. 677. Section of a smaller apothecinm, enlarged. 578. Two aaci 
of same, and contained spores, and accompanying filaments; more magnifiad. 
b7S. Piece of thallua of a Sticta, with aection, ahowing the immersed apothedat 
the small openinga af these dot the aurface. 5S0. Cladonia cocciaea; tba trossti- 
ficstion ia in the scarlet knobs, which surround the cups. 



[ 
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oells lengtben tui bmnch, gnwing faj Ibe abtorption tliraugh their vhole 
iQT&oe of the decsjing, or orgsnizahle, or lifiog matter which Ihrj feed 
npon. In a Mushroom (Agiricus), s knobbj mass a *t knglh fonned, 
which develops into a slout stalk (S/ipe), bearing tlie cap {Fileut) : iLe 
QDder side of the cap ts covered bj the Uymfniam, in this genua consisting 
of tadialiiig plates, the gills or Lamella; and these bear the powdery sporps 
ia immense nnmbers. Under the microscope, the gills are found to be 
studded with projecting cells, each of wbich, at the top, produces four 
stalked spores. These form the powder which collects on a sheet of paper 
upon which a mature Mushroom is allowed to rexi for a daj or two. (Fig. 
S81-486.) 

517. The esculent Morel, also Sphcria (Fig. 665, 686), and manj other 
Fungi hear their spores in sacs (asci) exactly in the manner of Licbena 




B18. Of the Konlds, one of the commoner is the Bread-Mould (Fig. 
687). In fruiting it sends up a slender stalk, which bears a globular sac ; 

FiO. 581. Agarious campeatria, the common edibla Maalirooin. 582. Section 
of cap and stalk. S83. Minut* portion of s nection of n gill, showing some spore- 
bearing cells, mnch magnified. 584. One of these, with its four spores, more 



Fio. BS5. Sphsria roaella. 686. Two of the aacX and contained doable spores, 
quite like those of a Lichen ; much magnified. 
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this bunts at maturity and diacharges imminerable spores. The blue 
Cheese-Mould (Fig. 588) bears a cluster of branches at top, each of 
vhich is a row of naked spores, like a string of beads, all breaking apart 

at maturity. Botrytia 

C^* ^ i i Jb^ SSL (^^8- 589), the fruit- 

ing stalk of which 
branches, and each 
branch is tipped with 
a spore, is one of the 
many moulds which 
live and feed upon the 
juices of other plants 
or of animals, and are 
often very destructive. 
The extremely nume- 
rous kinds of smut, rust, mildew, the ferments, bacteria, and the like, 
many of them very destructive to other vegetable and to animal life, are 
also low forms of the class of Fungi.^ 

Fia 587. Ascophora, the Bread-Mould. 588. Aspergillus glaucus, the mould 
of cheese, bat common on mouldy vegetables. 589. A species of Botrytis. All 
magnified. 

1 The "Introduction to Cryptogamous Botany," or third volume of "The Botan- 
ical Text Book,*' now in preparation by the author** colleague. Professor Farlow, 
will be the proper guide in the study of the Flowerless Plants, especially of th« 
AlgsB and Fungi. 
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Section XVIII. CLASSIFICATION AND NOMENCLATURE. 

519. Classification, in botany, is tbe consideration of plants in respect 
to their kinds and relationships. Some system of Nomenclature, or nam- 
ing, is necessary for fixing and expressing botanical knowledge so as to 
make it available. The vast multiplicity of plants and the various degrees 
of their relationship imperatively require order and system, not only as to 
names for designating the kinds of plants, but also as to ternu for defining 
their differences. Nomenclature is concerned with the names of plants. 
Terminology supplies names of organs or parts, and terms to designate 
their differences. 

§ 1. KINDS AND RELATIONSHIP. 

520. Plants and animals have two great peculiarities : 1st, they form 
themselves ; and 2d, they multiply themselves. They reproduce their kind 
in a continued succession of 

521. Individuals. Mineral things occur as masses, which are divisible 
into smaller and still smaller ones without alteration of properties. But 
organic things (vegetables and animals) exist as indioidual beings. Each 
owes its existence to a parent, and produces similar individuals in its turn. 
So each individual is a link of a chain; and to this chain the natural- 
historian applies the name of 

522. Species. All the descendants from the same stock therefore com- 
pose one species. And it was from our observing that the several sorts of 
plants or animals stendily reproduce themselves, or, in other words, keep 
up a succession of similar individuals, that the idea of species originated. 
There are few species, however, in which man has actually observed the 
succession for many generations. It could seldom be proved that all the 
White Pine trees or White Oaks of any forest came from the same stock. 
But observation having familiarized us with the general fact that indi- 
viduals proceeding from the same stock are essentially alike, we infer from 
their close resemblance that these similar individuals belong to the same 
species. That is, we infer it when the individuals are as much like each 
other as those are which we know, or confidently suppose, to have sprung 
from the same stock. 

523. Identity in species is inferred from close similarity in all essential 
respects, or whenever the differences, however considerable, are not known 
or reasonably supposed to have been originated in the course of time under 
changed conditions. No two individuals are exactly alike ; a tendency to 
variation pervades all living things. In cultivation, where variations are 
looked after and cared for, very striking differences come to light ; and if 
in wild nature they are less common or less conspicuous, it is partly be- 
cause they are uncared for. When such variant forms are pretty well 
marked they are called 
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524. Varieties. The Wliite Oak, for example, presents two or tliree 
varieties in the shape of the leaves, although they may be all alike upoii 
each particular tree. The question often arises, and it is often hard to 
answer, whether the difference in a particular case is that of a variety, or 
is specific. If the former, it may commonly be proved by finding such 
intermediate degrees of difference in various individuals as to sliow that 
no clear distinction can be drawn between them ; or else by observing the 
variety to vary back again in some of its offspring. The sorts of Apples, 
Pears, Potatoes, and the like, show that differences wliich are permanent 
in the individual, and continue unchanged through a long series of gen- 
erations wlien propagated by division (as by offsets, cuttings, grafts, 
bulbs, tubers, etc.), are not likely to be reproduced by seed. Still they 
sometimes are so, and perhaps always tend in that direction. For the 
fundamental law in organic nature is that offspring shall be like parent. 

Races are such strongly marked varieties, capable of coming true to 
seed. The different sorts of Wheat, Maize, Peas, Radishes, etc., are 
familiar examples. By selecting those individuals of a species which have 
developed or inherited any desirable peculiarity, keeping them from min- 
gling with their less promising brethren, and selecting again the most 
promising plants raised from their seeds, the cultivator may in a few 
generations render almost any variety transmissible by seed, so long as it is 
cared for and kept apart. In fact, this is the way the cultivated domesti- 
cated races, so useful to man, have been fixed and preserved. Races, in 
fact, can hardly, if at all, be said to exist independently of man. But 
man does not really produce them. Such peculiarities — often surprising 
enough — now and then originate, we know not how (the plant sports, as 
the gardeners say) ; they are only preserved, propagated, and generally 
further developed, by \\\t cultivator's skilful care. If left alone, they are 
likely to dwindle and perish, or else revert to the original form of the 
species. Vegetable races are commonly annuals, which can be kept up 
only by seed, or herbs of which a succession of generations can be had 
every year or two, and so the education by selection be completed without 
great lapse of time. But all fruit-trees could probably be fixed into races 
in an equal number of generations. 

BuD-VARiETiES are those which spring from buds instead of seed. 
They are uncommon to any marked extent. They are sometimes called 
Sports, but this name is equally applied to variations among seedlings. 

Cross-breeds, strictly so-called, are the variations which come from 
cross-fertilizing one variety of a species with another. 

Hybrids are the varieties, if they may he so called, which come from 
the crossing of species (331). Only nearly related species can be hybridized; 
and the resulting progeny is usually self-sterile, but not always. Hybrid 
plants, however, may oft,en be fertilized and made prolific by the pollen 
of one or the other parent This produces another kind of cross-breeds. 

525. Species are the units in classification. Varieties, although of 
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utmost importance in cultivation and of considerable consequence in the 
flora of any country, are of less botanical significance. For they are apt 
to be indefinite and to shade off one form into another. But species, the 
botanist erpecis to be distinct. Indeed, the practical difference to the 
botanist between species and varieties is the definite limitation of the one 
and the indefiniteness of the other. The botanist's determination is partly 
a matter of observation, partly of judgment. 

526. In an enlarged view, varieties may be incipient species ; and nearly 
related species probably came from a common stock in earlier times. For 
there is every reason to believe that existing vegetation came from the 
more or less changed vegetation of a preceding geological era. However 
that may be, species are regarded as permanent and essentially unchanged 
in their succession of individuals through the actual ages. 

527. There are, at nearly the lowest computation, as many as one hun- 
dred thousand species of phanerogamous plants, and the cryptogamous 
species are thought to be still more numerous. They are all connected by 
resemblances or relationships, near and remote, which show that they are 
all parts of one system, realizations in nature, as we may affirm, of the con- 
ception of One Mind. As we survey them, they do not form a single and 
connected chain, stretching from the lowest to the highest organized 
species, although there obviously are lower and higher grades. But the 
species throughout group themselves, as it were, into clusters or constel- 
lations, and these into still more comprehensive clusters, and so on, with 
gaps between. It is this clustering which is the ground of the recognition 
of kifuls of species, that is, of groups of species of successive gi-ades or 
degree of generality ; such as that of similar species into Genera, of genera 
into Families or Orders, of orders into Classes. In classification the se- 
quence, proceeding from higher or more general to lower or special, is always 
Class, Order, Genus, Species, Variety (if need be). 

528. Genera (in the singular. Genus) are assemblages of closely related 
species, in which the essential parts are all constructed on the same partic- 
ular type or plan. White Oak, Red Oak, Scarlet Oak, Live Oak, etc., 
are so many species of the Oak genus (Latin, Quercua). The Chestnuts 
compose another genus; the Beeches another. The Apple, Pear, and 
Crab are species of one genus, the Quince represents another, the various 
species of Hawthorn a third. In the animal kingdom the common cat, the 
wild-cat, the panther, the tiger, the leopard, and the lion are species of the 
cat kind or genus ; while the dog, the jackal, the different species of wolf, 
and the foxes, compose another genus. Some genera, are represented by 
a vast number of species, others by few, very many by only one known 
species. For tlie genus may be as perfectly represented in one species as 
in several, although, if this were the case throughout, genera and species 
would of course be identical. The Beech genus and the Chestnut genus 
would be just as distinct from the Oak genus even if but one Beech and 
one Chestnut were known ; as indeed was once the case. 

12 
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529. Orders are groups of genera that resemble eacL other; that is, 
they are to geuera what genera are to species. As familiar illustrations, 
the Oak, Chestuut, and Beech genera, along with the Hazel genus and the 
Hornbeams, all belong to one order. The Birches and the Alders make 
another; the Poplars and Willows, another; the Walnuts (with the But- 
ternut) and the Hickories, still another. The Apple genus, the Quince 
and the Hawthorns, along with tlte Plums and Cherries aud the Peach, 
the Baspberry with the Blackberry, the Strawberry, the Rose, belong 
to a large order, which takes its name from the Kose. Most botanists 
use the names "Order" and "Family" synonymously; the latter more 
popularly, as "the Rose Family," the former more technically, as 
"Order BosaceaJ" 

530. But when the two are distinguished, as is common in zoology, 
Family is of lower grade than Order. 

531. Classes are still more comprehensive assemblages, or great groups. 
Thus, in modern botany, the Dicotyledonous plants compose one class, 
the Monocotyledonous plants another (36-40). 

632. These four grades. Class, Order, Genus, Species, are of universal 
use. Variety couies in upon occasion. For, although a species may have 
no recognized varieties, a genus implies at least one species belonging to 
it ; every genus is of some order, and every order of some class. 

533. But these grades by no means exhaust the resources of clas- 
sification, nor suffice for the elucidation of all the distinctions which 
botanists recognize. In the first place, a higher grade than that of class 
is needful for the most comprehensive of divisions, that of all plants into 
the two Series of Phanerogamous and Cryptogamous (6) ; and in natu- 
ral history there are the two Kingdoms or Realms^ the Vegetable and 
the Animal. 

534. Moreover, the stages of the scaffolding have been variously ex- 
tended, as required, by the recognition of assemblages lower than class but 
higher than order, viz. Subclass and Cohort ; or lower than order, a Sub^ 
order; or between this and genus, a Tribe; or between this and tribe, a 
Subtribe ; or between genus and species, a Subgenus; and by some a 
species has been divided into Subspecies^ and a variety into Subvarieiies* 
Last of all are Individuals. Suffice it to remember that the following are 
the principal grades in classification, with the proper sequence ; also that 
only those here printed in small capitals are fundamental and universal 
in botany: — 

Series, 

Class, Subclass, Cohort, 

O&DEE, or Family, Suborder, Tribe, Subtribe, 
Genus, Subgenus or Section, 
Species, Variety. 
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f 2. NAMIIS, TERMS, AND CHARACTERS. 

535. The name of a plant is tlie name of its genus followed by tliat of 
the species. The name of the genus answers to tiie surname (or family 
name) ; that of the species to the baptismal name of a person. Thus Qner- 
cus is the name of the Oak genus; Quercus alba, that of the White Oaky 
Q. rubra, that of Red Oak, Q. nigra^ tbat of the Black- Jack, etc. Botani- 
cal names being Latin or Latinized, the adjective name of the species 
comes after that of the genus. 

536. Names of Genera are of one word, a substantive. The older 
ones are mostly classical Latin, or Greek adopted into Latin; such as 
Quercus for the Oak genus, Fagus for the Beech, Coryla», the Hazel, and 
the like. But as more genera became known, botanists had new names to 
make or borrow. Many are named from some appearance or property of 
tiie flowers, leaves, or other parts of the plunt. To take a few examples 
from the early pages of the " Manual of the Botany of the Northern United 
States," — the genus Hepatica comes from the shape of the leaf, resembling 
tiiat of the liver. Mgosurus means mouse-tail. Delphinium is from del- 
phin, a dolphin, and alludes to the shape of the flower, which was thought 
to resemble the classical figures of the dolphin. Xanthorrhiza is from two 
Greek words meaning yellow-root, the common name of the plant. Cimi- 
cifaga is formed of two Latin words meaning to drive away bugs, i. e. 
Bugbane, the Siberian species being used to keep away such vermin. 
Sanguinaria, tlie Bioodroot, is named from tlie blood-like color of its juice. 
Other genera are dedicated to distinguished botanists or promoters of 
science, and bear their names : such are Magnolia , which commemorates 
the early French botanist, Maguol ; and Jeffersonia, named after President 
Jefferson, who sent the first exploring expedition over the Rocky Mouu- 
t^ins. Others bear the name of the discoverer of the plant; as, Sarra- 
cenia, dedicated to Dr. Sarrazin, of Quebec, who was one of the first to 
send the common Pitcher-plant to the botanists of Eurof)e ; and Claytonia, 
first made known by the early Virginian botanist Clayton. 

537. Names of Species. The name of a species is also a single word, 
appended to that of the genus. It is commonly an adjective, and therefore 
agrees with the generic name in case, gender, etc. Sometimes it relates to 
the country the species inhabits ; as, Claytonia Virginica, first made known 
from Virginia; Sanguinaria Canadensis, from Canada, etc. More com- 
monly it denotes some obvious or characteristic trait of the species ; as, 
for example, in Sarracenia, our northern species is named purpurea, from 
the purple blossoms, while a more southern one is named Jfava, because 
its petals are yellow ; the species of Jefl^ersonia is called dip/iylla, meaning 
two-leaved, because its leaf is divided into two leaflets. Some species are 
named after the discoverer, or in compliment to a botanist who has made 
them known ; as, Magnolia Fraseri, named after the botanist Fraser, one 
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of the first to find tills species ; and Sarracenia Drummondiiy for a Pitcher- 
plant found by Mr. Drummond in Florida. Such personal specific names 
are of course written with a capital initial letter. Occasionally some old 
substantive name is used for the species ; as Magnolia Umbrella, the Um^ 
brella tree, aud Ranunculus Flammuia. These are also written with a 
capital iuitial, aud need not accord with the generic name in gender. Grco- 
grapliical specific names, such as Canadensis, Caroliniana, Americana, in 
the later usage are by some written without a capital initial, but the older 
usage is better, or at least more accordant with English orthography. 

538. Varietal Names, when any are required, are made on the plan of 
specific names, and follow these, with the prefix var. Ranunculus Elam- 
mula, var. reptans, the creeping variety: R. abortivus, var. micranthus, 
the small-flowered variety of the species. 

539. In recording the name of a plant it is usual to append the name, 
or an abbreviation of the name, of the botanist who first published it ; and 
in a flora or other systematic work, this reference to the source of the 
name is completed by a further citation of the name of the book, the 
volume and page where it was first published. So '' Ranunculus acris, 
h." meaus that tliis Buttercup was first so named and described by Lin- 
naeus ; " R. multifidus, Pursh," that this species was so named aud pub- 
lished by Pursh. The suffix is no part of the name, but is an abbreviated 
reference, to be added or omitted as convenience or definiteness may re- 
quire. The authority for a generic name is similarly recorded. Thus, 
" Ranunculus, L.," means that the genus was so named by Linnaeus ; 
*' Mtfosurus^ Dill.," that the Mouse-tail was established as a genus under 
this name by Dillenius ; Caulophyllumy Michx., that the Blue Cohosh was 
pul)lished under this name by Michaux. The full reference in the last- 
named instance would be, " in Flora Boreali- Americana, first volume, 205th 
page," — in the customary abbreviation, "Michx. Fl. i. 205." 

540. Names of Orders are given in the plural number,* and are com- 
monly formed by prolonging the name of a genus of the group taken as a 
representative of it. For example, the order of which the Buttercup or 
Crowfoot genus, Ranunculus, is the representative, takes from it the name 
of Ranunculaceoi ; meaning Planta Ranunculace<B when written out in 
full, that is, Ranunculaceous Plants. Some old descriptive names of 
orders are kept up, such as Crucifer^e for the order to which Cress and 
Mustard belong, from the cruciform appearance of their expanded corolla, 
and Umhelliferre, from the fiowers being in umbels. 

541. Names of Tribes, also of suborders, subtribes, and the like, are 
plurals of the name of the typical genus, less prolonged, usually in ea, 
inea, id^a, etc. Thus the proper Buttercup tribe is Ranunculea, of the 
Clematis tribe, ClemaUdea. While the Rose family is Rosacea, the special 
Rose tribe is Roseau. 

542. Names of Classes, etc. For these see the following synopsis af 
the actual classification adopted, p. 183. 
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543. So a plant is named in two words, the generic and tbe specifio 
names, to which may be added a third, that of the variety, upon occasion. 
The generic uame is peculiar : obviously it must not be used twice over in 
botany. The specific name must not be used twice over in t he same genus, 
but is free for any otiier genus. A Quercus alOa, or White Oak, is no 
hindrance to Betula alba, or White Birch ; aod so of other names. 

544. Characters and Descriptions. Plants are characterized by a 
terse statement, in botanical terms, of their peculiarities or distinguishing 
marks. The ctiaracter of the order should include nothing which is com- 
mon to the whole class it belongs to ; that of the genus, nothing which is 
common to the order ; that of the species nothing which is shared with 
all other species of the genus; and so of other divisions. Deaeriptions 
may enter into complete details of the whole structure. 

545. TernmiolGgy, also called Olossolof/y, is nomenclature applied to 
organs or part^, and their forms or modifications. Each organ or special 
paii; has a substantive name of its own : shapes and other modifications of 
an organ or part are designated by adjective terms, or, when the forms 
are peculiar, substantive names are given to them. By the correct use 
of such botanical terms, and by proper subordination of the characters 
under the order, genus, species, etc., plants may be described and deter- 
mined with much precision. The classical language of botany is Latin. 
While modem languages have their own names and terms, these usually 
lack the precision of the Latin or Latinized botanical terminology. For- 
tunately , this Jiatiuized terminology has been largely adopted and incor- 
porated into the English technical language of botany, thus securing pre- 
cision. And these terms are largely the basis of specific names of plants. 

546. A glossary or vocabulary of the principal botanical terras used in 
phanerogamous and vascular cryptogamous botany is appended to this 
volume, to which the student may refer, as occasion arises. 

§ 3. SYSTEM. 

547. Two systems of classification used to be recognized in botany, — the 
artificial and the natural ; but only the latter is now thought to deserve 
tho name of a system. 

5l!8. Artificial classifications have for object merely the ascertaining 
of the name and place of a plant. They do not attempt to express relation- 
ships, but serve as a kind of dictionary. They distribute the genera and 
species according to some one peculiarity or set of peculiarities (just as a 
dictionary distributes words according to their first letters), disregarding 
all other considerations. At present an artificial classification in botany 
is needed only as a key to the natural orders, — as an aid in referring an 
unknown plant to its proper family ; and such keys are still very needful, 
at least for the beginner. Formerly, when the orders themselves were 
not clearly made out, an artificial classification was required to lead the 
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student down to the genus. Two such classifications were long in vogue : 
Pirst, that of Tournefort, founded mainly on the leaves of the flower, the 
calyx and corolla : this was the prevalent system throughout the first half 
of tlie eighteenth century ; but it has long since gone by. It was suc- 
ceeded by tbe well-known 

549. Artificial System of Linnaens, which was founded on the sta- 
mens and pistils. It consists uf twenty-four classes, and of a variable 
number of orders ; the classes founded mainly on the number and dispo- 
sition of the stamens ; the orders partly upon the number of styles or stig- 
mas, partly upon other considerations. Useful and popular as this system 
was down to a time within the memory of still surviving botanists, it is 
now completely obsolete. But the tradition of it survives in the names of 
its classes, Monandria, Diandria, Triandria, etc., which are familiar iu 
terminology iu the adjective terms monaudrous, diandrous, triandrous, etc. 
(284) ; also of the orders, Mouogynia, Digynia, Trigynia, etc., preserved in 
the form of monogynous, digynous, trigyuous, etc. (iiOl) ; and in the name 
Cryptogamia, that of the 24th class, which is continued for the lower series 
in the natural classification. 

550. Natural System. A genuine system of botany consists of the 
orders or families, duly arranged under their classes, and having the tribes, 
the genera, and the species arranged in them according to their relation- 
ships. This, when properly carried out, is the Natural System ; because 
it is intended to express, as well as possible, the various degrees of relation- 
ship among plants, as presented in nature ; that is, to rank those species 
and those genera, etc., next to each other in the classification which are 
really most alike in all respects, or, in other words, which are constructed 
most nearly on the same particular plan. 

551. There can be only one natural system of botany, if by this term 
is meant the plan according to which the vegetable creation was called into 
being, with all its grades and diversities among the species, as well of past 
as of the present time. But there may be many natural systems, if we 
mean the attempts of men to interpret and express that plan, — systems 
which will vary with advancing knowledge, and with the judgment and 
skill of different botanists. These must all be very imperfect, bear the 
impress of individual minds, and be shaped by the current philosophy of 
the age. But the endeavor always is to make the classification answer to 
Nature, as far as any system can which has to be expressed in a definite 
and serial arrangement. 

552. So, although the classes, orders, genera, etc., are natural, or as 
natural as the systematist can make them, their grouping or order of 
arrangement in a book, must necessarily be in great measure artificial. 
Indeed, it is quite impossible to arrange the orders, or even the few classes, 
in a single series, and yet have each group stand next to its nearest relatives 
on both sides. 

553. Especially it should be understood that, although phanerogamous 
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plants are of higher grade than cryptogamous, and angiospermons or or- 
dinary phanerogamous higher than the gymnosperiiious, yet there is no 
culmiuatiou in the vegetable kingdom, nor any highest or lowest order of 
phanerogamous plants. 

554. The particular system most largely used at present in the classi- 
fication of the orders is essentially the following : — 

Sebies L PHANEROGAMIA : Phanebooahous obFlowebiko Plants. 

Class I. DLCOTYLEDONES ANGIOSPERME^, called for shortness 
in Englisli, Dicotyledons or Dicotyls. Ovules in a closed ovary. 
Embryo dicotyledonous. Stem with exogenous plan of growth. Leaves 
reticulate-veined. 

Artificial Divinion I. Polypetals, with petals mostly present and 

distinct. Orders about 80 in number, Ranunculacea to Cornacea, 
Artificial Division 11. Gamopetaljs, with gamopetalous corolla. 

Orders about 45, Caprifoliac€€e to Plantaginacea. 
Artificial Division III. Apetaljs or Incompletes, with perianth, 
when present, of calyx only. Orders about 35 in number, from 
NyctaginacedB to Salicacea. 

Class II. DICOTYLEDONES GYMNOSPERME^, in Englibh Gym- 
NOSFEBMS. No ovary or peiicarp, but ovules and seeds naked, and no 
proper calyx nor corolla. Embryo dicotyledonous or polycotyledonous. 
Stem with exogenous plan of growth. Leaves mostly parallel-veined. 
Consists of order Gnetaceay which strictly connects with Angiospermous 
Dicotyls, of Coni/era^ and of Cycadacea. 
Class IIL MONOCOTYLEDONES, in English Monocotyledons or 
Monocotyls. Angiospermous. Embryo monocotyledonous. Stem with 
endogenous plan of growth. Leaves mostly parallel- veined. 
Division I. Petaloide J5. Perianth complete, having the equivalent 
of both calyx and corolla, and all the inner series corolliue. About 
18 orders. 
Division 11. Calycinjs. Perianth complete (in two series) but not 
corolline, mostly thickish or glumaceous. Chiefly two orders, 
JuncacedB, the true Rushes, and Palma^ Palms. 
Division JH. Spadiciflob^ or Nudiflob^. Perianth none, or rudi- 
mentary and incomplete : inflorescence spadiceous. Of five ordera, 
Typhacea and Aroidea the principal. 
Division IF. GLUMACEiB. Perianth none, or very rudimentary: 
glumaceous bracts to the flowers. Orders mainly Cyperacea and 
Oramineof. 

iSebies II. CRYPTOG AMIA : Cbyptogamous ob Elowebless Plants. 

Class I. PTERIDOPHYTA, Ptebidophytes (484). 

Class II. BRYOPHYTA, Bbyophytes (498). 

Class III. THALLOPHYTA, Thallophyt:es (503). 
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Section XIX. BOTANICAL WORK. 

555. Some hints and brief instructions for the collection, examination, 
and preservation of specimens are added. They are especially intended 
for the assistance of those who have not the advantage of a teacher. They 
apply to phanerogamous plants and Ferns only, and to systematic botany.^ 

§ 1. COLLECTION, OR HERBORIZATION. 

556. As much as possible, plants should be examined in the living state, 
or when freshly gathered. But dried specimens should be prepared for 
more leisurely examination and for comparison. To the working botanist 
good dried specimens are indispensable. 

557. Botanical Speoimens, to be complete, should have root or root- 
stock, stem, leaves, flowers, both open and in bud, and fruit. Some- 
times these may all be obtained at one gathering ; more commonly two or 
three gatherings at different times are requisite, especially for trees and 
shrubs. 

558. In Herborizing, a good knife and a narrow and strong trowel are 
needed ; but a very strong knife will serve instead of a trowel or small pick 
for digging out bulbs, tubers, and the like. To carry the specimens, either 
the tin box (vasculum) or a portfolio, or both are required. The tin box is 
best for the collection of specimens to be used fresh, as in the class-room ; 
also for very thick or fleshy plants. The portfolio is indispensable for long 
expeditions, and is best for specimens which are to be preserved in the 
herbarium. 

559. The Vasculum, or Botanical CoHecting-hoXy is made of tin, in shape 
like a candle-box, only flatter, or the smaller sizes like an English sandwich- 
case ; the lid opening for nearly the whole length of one side of the box. 
Any portable tin box of convenient size, and capable of holding specimens 
a foot or fifteen inches long, will answer the purpose. The box should shut 
close, so that the specimens may not wilt : then it will keep leafy branches 
and most flowers perfectly fresh for a day or two, especially if slightly 
xnoistened. They should not be wet. 

560. The Portfolio is best made of two pieces of solid binder's-board, 
covered with enamel cloth, which also forms the back, and fastened by 
straps and buckles. It may be from a foot to twenty inches long, from 
nine to eleven or twelve inches wide. It should contain a needful quantity 
of smooth but strong and pliable paper (thin so-called Manilla paper is 
best), either fastened at the back as in a book, or loose in folded sheets 
when not very many specimens are required. As soon as gathered, the 
specimens should be separately laid between the leaves or in the folded 
sheets, and kept under moderate pressure in the closed portfolio. 

1 For fuller directious in many particulars, see '^ Structural Botany," pp. 870* 
374. 
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561. Of small berbs, especially annuals, tbe wbole plant, root and all, 
should be taken for a specimen. Of larger ones branches will suffice, with 
some leaves from near the root. Enough of the root or subterranean part 
of the plant should be collected to show whether it is an annual, a 
bieunial, or a pereuuial. Thick roots, bulbs, tubers, or branches of speci- 
mens intended to be pressed should be thinned wit h a knife, or cut into 
slices. Keep the specimens within the length of fifteen or sixteen inches, 
hj folding, or wlien that cannot be done, by cutting into lengths. 

562. For "Drying Specimens a good supplj of soft and unsized 
paper is wanted; and some convenient means of applying considerable 
pressure. To make good dried botauical specimens, dry them as rapidly 
as possible between many thicknesses of sun-dried paper to absorb their 
moisture, uij^der as much pressure as mm be given without crushing the 
more delicate parts. This pressure may be had by a botanical press, of 
which various forms have been contrived; or by weights placed upon a 
board, — from forty to eighty or a hundred pounds, according to the 
quantity of specimens drying at the time. For use while travelling, a 
good portable press nmy be made of thick binders' boards for the sides, 
and the pressure may be applied by strong straps with buckles. Still 
better, on some accounts, are portable presses made of wire network, 
which allow the dampness to escape by evaporation between the meshes. 
For herborization in a small way, a light wire-press may be taken into 
the field and made to serve also as a portfolio. 

563. It is well to hdve two kinds of paper, namely, driers of bibulous 
paper, stitched into pads (or the pads may be of thick carpet-paper, cut to 
size) and thin smooth paper, folded once ; the specimens to be laid into the 
fold, either when gathered or on returning from the excursion. These 
sheets are to hold the specimens until they are quite dry. Every day, or 
at first even twice a day, the specimens, left undisturbed in their sheets, 
are to be shifted into fire-dried or sun-dried fresh driers, and the pressure 
renewed, while the moist sheets are spread out to dry, so as to take their 
turn again at the next shifting. This course must be continued until the 
specimens are no longer moist to the touch. Good and comely specimens 
are either made or spoiled within the first twenty-four or thirty-six hours. 
After that, when plenty of driers are used, it may not be necessary to 
change them so frequently. 

564. Succulent plants, which long refuse to part with life and moisture, 
and Spruces and some other evergreens which are apt to cast off their 
leaves, may be plunged for a moment into boiling water, all but the flowers. 
Delicate flowers may be encased in tlihi tissue paper when put into the press. 
Thick parts, like the heads of Sun-flowers and Thistles, may be cut in two 
or into slices. 

565. Dried specimens may be packed in bundles, either in folded paper 
or upon single half-sheets. It is better that such paper should not be 
bibulous. The packages should be well wrapped or kept in close cases. 
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566. Poisoning is necessary if specimens are to be permanently pre- 
served from the depredation of insects. Tlie usual application is an almost 
saturated solution of corrosive sublimate in 95 per cent alcohol, freely ap- 
plied with a large and soft brush, or the specimens dipped into some of the 
solution poured into a large and flat dish; the viretted specimens to be 
transferred for a short time to driers. 



§ 2. HERBARIUM. 

567. The botanist's collection of dried specimens, ticketed with their 
names, place, and time of collection, and systematically arranged under 
their genera, orders, etc., forms a Hortus Siccus or Herbarium. It com- 
prises not only the specimens which the proprietor has himself collected, 
but those which he acquires through friendly exchanges, or in other ways. 
The specimens of an herbarium may be kept in folded sheets of paper; 
or they may be fastened on half-sheets of thick and white paper, either 
by gummed slips, or by glue applied to the specimens themselves. The 
former is best for private and small herbaria; the latter for large ones 
which are much turned over. Each sheet should be appropriated to one 
species ; two or more different plants should never be attached to the same 
sheet. The generic and specific name of the plant should be added to 
the lower right-hand corner, either written on the sheet, or on a ticket 
pasted down; and the time of collection, the locality, the color of the 
flowers, and any other information which the specimens themselves do 
not afford, should be duly recorded upon the sheet or the ticket. The 
sheets of the herbarium should all be of ^ exactly the same dimensions, 
llie herbarium of Linnaeus is on paper of the common foolscap size, about 
eleven inches long and seven wide. This is too small. Sixteen and three 
eighths inches by eleven and a half inches is an approved size. 

568. The sheets containing the species of each genus are to be placed 
in genus-covers, made of a full sheet of thick paper (such as the strong- 
est Manilla-hemp paper), to be when folded of the same dimensions as the 
species-sheet but slightly wider: the name of the genus is to be writ- 
ten on one of the lower comers. These are to be arranged under the 
orders to which they belong, and the whole kept in closed cases or cabi- 
nets, either laid flat in compartments, like "pigeon-holes," or else placed 
in thick portfolios, arranged like folio volumes. All should be kept, as 
much as practicable, in dust-proof and insect-proof cases or boxes. 

569. Fruits, tubers, and other hard parts, too thick for the herbarium, 
may be kept in pasteboard or light wooden boxes, in a collection apart. 
Small loose fruits, seeds, detached flowers, and the like may be conven- 
iently preserved in paper capsules or envelopes, attached to the herbarium* 
shefts. 
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§ 3. INVESTIGATION AND DETEElilNATION OF PLANTS. 

570. The Implements required are a liaud maguifying glass, a pocket 
lens of an inch or two fucus, or a glass of two lenses, one of the lower 
and the other of the higher power ; and a sharp penknife for dissection. 
With these and reasonable perse%'erauce tiie structure of the flowers and 
fmctiflcation of most phanerogamous plants and Fenis can be made out. 
But for ease and comfort, as well as for certainty and right training, the 
student should have some kind of simple stage microscope, and under 
this make all dissections of small parts. Without it the student will be 
apt to fall into the bad habit of guessing where he ought to ascertain. 

571. The simple microscope may be reduced to a good lens or doublet, 
of an inch focus, mounted over a glass scage, so that it can be moved up 
and down and also side wise, and witli (or without) a little mirror under- 
neath. A better one would liave oue or two additional lenses (say of half 
and of a quarter inch focus), a pretty large stage, on the glass of which 
several small objects can be placed and conveniently brought under the 
lens; and its height or that of the lens should be adjustable by a rack- 
work; also a swivel-mounted little mirror beneath, which is needed for 
minute objects to be viewed by transmitted light. 

572. For dissecting and displaying small parts on the stage of the 
microscope, besides a tliin-bladed knife, the only tools needed are a good 
stock of common needles of various sizes, mounted in handles, and one or 
more saddler's-needles, which, being triangular, may be ground to sharp 
edges convenient for dissection. Also a pair of delicate-pointed forceps ; 
those with curved points used by the dentist are most convenient. A 
cup of clean water is indispensable, with which to moisten or wet, or 
in which occasionally to float delicate parts. Small flowers, buds, fruits, 
and seeds of dried specimens can be dissected quite as well as fresh ones. 
Tney have only to be soaked in warm or boiling water. 

573. The compound microscope is rarely necessary except in crypto- 
gamic botany and vegetable anatomy ; but it is very useful and convenient, 
especially for the examination of pollen. To the advanced botanist it is a 
necessity, to all students of botany an aid and delight. 

574. Analysis. A few directions and hints may be given. The most 
important is this : In studying an unknown plant, make a complete ex- 
amination of all its parts, and form a clear idea of its floral structure 
and tiiat of its fruit, from pericarp down to the embryo, or as far as the 
materials in hand allow, before taking a st^p toward finding out its name 
and relationship by means of the keys or other helps which the Manuals 
and Floras provide. If it is the name merely that is wanted, the shorter 
way is to ask some one who already knows it. To verify the points of 
structure one by one as they happen to occur in an artificial key, without 
any preparatory investigation, is a usual but is not the best nor the surest 
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way. It is well to make drawings or outline sketches of the smaller parts, 
and especially diagrams of the plan of tbe flower, such as those of Fig. 
225, 227, 241, 244, 275-277. For these, cross sections of the flower-bud 
or flower are to be made : and longitudinal sections, such as Fig. 270-274, 
are equally important. The dissection even of small seeds is not difficult 
after some practice. Commonly they need to be soaked or boiled. 

575. The right appreciation of characters and terms used in description 
needs practice and calls for judgment. Plants do not grow exactly by 
rule and plummet, and measurements must be taken loosely. Difference 
of soil and situation are responded to by considerable variations, and other 
divergences occur which cannot be accounted for by the surroundings, nor 
be anticipated in general descriptions. Annuals may be very depauperate 
in dry soils or seasons, or very large when particularly well nourished. 
Warm and arid situations promote, and wet ones are apt to diminish pubes- 
cence. Salt water causes increased succulence. The color of flowers is 
apt to be lighter in shade, and brighter in open and elevated situations. 
A color or hue not normal to the species now and then occurs, which 
nothing in the conditions will account for. A tohite-fiotoered variation of 
any other colored blossom may always be expected; this, though it may be 
notable, no more indicates a distinct variety of the species than an albino 
would a variety of the human species. The numerical plan is subject to 
variation in some flowers ; those on the plan of five may now and then vary 
to four or to six. Variations of the outline or lobiug of leaves are so familiar 
that they do not much mislead. Only wider and longer observation suf- 
fices to prevent or correct mistakes in botanical study. But the weighing 
of evidence and the balancing of probabilities, no less than the use of the 
well-ordered and logical system of classification, give as excellent training 
to the judgment as the search for the facts themselves does to the observing 
powers. 

§4. SIGNS AND ABBREVIATIONS. 

576. For a full account of these, whether of former or actual use, see 
" Structural Botany " of the " Botanical Text Book," pp. 367, 392, as also 
for the principles which govern the accentuation of names. It is needful 
here to explain only those used in the Manuals and Floras of this country, 
for which the present volume is an introduction and companion. They 
are not numerous. 

577. In arranging the species, at least those of a large genus, the divi- 
sions are denoted and graduated as follows : The sign § is prefixed to sec* 
tions oT the highest rank : these sections when they have names affixed to 
them (as Prunus § Cerasus) may be called subgenera. When the divi- 
sions of a genus are not of such importance, or when divisions are made 
under the subgenus itself, the most comprehensive ones are marked by as* 
terisks, ♦ for the first, * ♦ for the second, and so on. Subdivisions are 



SECTION 19.] SIGNS AND ABBREVUTIONS. 189 

marked vith a prefixed h- ; those under this head with -m- ; and those 
under this with =, if there be so many grades. A similar notation is fol- 
lowed in the synopsis of the genera of an order. 

573. The interrogation point is used in botany to indicate doubt Thus 
Clematis crispa, L. ? expresses a doubt whether the plant in question is 
really the Clematis crispa of Linusus. Clematis ? polypetala expresses 
a doubt whether the plant so named is really a Clematis. On the other 
hand the exclamation point (!) is used to denote certainty whenever there 
is special need to affirm this. 

579. For size or height, the common signs of degrees, minutes, and 
seconds, have been used, thus, 1**, 2', 3", stand respectively for a foot, 
two inches, and three lines or twelfths of an inch. A better way, when 
such brevity is needed, is to write 1*. S*". 3*. 

580. Signs for duration used by Linnaeus were Q ^^^ ^^ annual, i for 
a biennial, % for a perennial herb, 5 for a shrub or tree. DeCandolIe 
brought in O foi* <^ plant that died after once flowering, (I) if annual, (2) 
if bienniaL 

581. To indicate sexes, 5 means staminate or male pUnt or blossom ; 
9 , pistillate or female ; X , perfect or hermaphrodite. 

582. To save room it is not uncommon to use oo in place of ** many ; *' thus, 
" Stamens oo,'* for stamens indefinitely numerous : " oo flora " for pluriflora 
or many-flowered. Still more common is the form " Stamens 5-20," or 
" Calyx 4?-5-parted," for stamens from five to twenty, calyx four- parted or 
five-parted, and the like. Such abbreviations hardly need explanation. 

583. The same may be said of such abbreviations as Cal. for calyx. 
Cor. for corolla. Pet. for petals, St. for stamens, Pist. for pistil, Hab. for 
habitat, meaning place of growth. Herb, for herbarium, Hort, for garden. 
Also /. c, loco citato, which avoids repetition of volume and page. 

584. "Structural Botany" has six pages of abbreviations of the names 
of botanists, mostly of botanical authors. As they are not of much 
consequence to the beginner, while the more advanced botanist will know 
the names in full, or know where to find them, only a selection is here 
appended* 
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Adam, 


:b Adanson. 


Gmel. 


Bs Gmelin. 


Ait. 


Aiton. 


Good. 


Goodenoogh. 


AU. 


Allioni. 


Grev, 


Greville. 


Andr. 


Andrews. 


Griseb. 


Grisebach. 


Am, 


Amott. 


Gron. 


> Gronoyisi. 


Aiih. 


Aablet. 


Gronov. 


BaHr. 


Bartram. 


Hall. 


Haller. 


Beauv. 


Palisot de Beanvois. 


Ilartm. 


Hartmann. 


Benth. 


Bentham. 


Hartto. 


Hartweg. 


Bernh. 


Bemhardi. 


Harv. 


Harvey. 


Bigel. 


Jacob Bigelow. 


Haw. 


Haworth. 


Bong. 


Bongard. 


Hegelm. 


Hegelmaier. 


Bonpl. 


Bonpland. 


Hemsl. 


Uemsley. 


Br. or R, Br. Robert Brown. 


Herb. 


Herbert. 


Com. 


Cassini. 


Hoffm. 


Hofl&nann. 


Cav. 


Cavanilles. 


Hoffmans. 


Hoffmansegg. 


Cham. 


Chamisso. 


Hook. 


Hooker. 


Chapm. 


Chapman. 


Hook.f. 


J. D. Hooker. 


CAois, 


Choisy. 


Homem. 


Homemann. 


Clayt. 


Clayton. 


Hudt. 


Hudson. 


Curt. 


Cnrtis. 


Humb. 


Humboldt. [Kunth. 


Curt. (M. 


A.) M. A. Cortifl. 


HBK. 


Humboldt, Bonpland, and 


Darl. 


Darlington. 


Jacq. 


Jacquin. 


DC. 


\ DeCandolle. 


Jacq.f. 


J. F. Jacquin. 


DeCand. 


Juss. 


Jussieu. 


A. DC. 


Alphonse DeCandoll''. 


A. Just. 


Adrien de Jnssieo. 


Desc. 


Desconrtilz. 


Kit. 


KitaibeL 


Derf. 


Desfontaines. 


L. or JUnn. 


Linnsens. 


Desv. 


Desvanx. 


Labill. 


Labillardiere. 


Dill. 


Dillenins. 


Lag. 


Lagasca. 


Dougl. 


Douglas. 


Lam. 


Lanuirck. 


Duham. 


Dobamel. 


Ledeb. 


Ledebonr. 


Dun. 


Dnnal. 


Lehm. 


Lehmann. 


Eat. 


Eaton (Amos) or D. C. 


Lesq. 


Jjesquerenx. 


Ehrh, 


Ehrhart. 


Lets. 


Leasing. 


Ell. 


EUiott. 


Lestib. 


Lestibudois. 


Endl. 


Endlicher. 


VHer. 


L'Heritier. 


Engelm. 


Engelmann. 


lAndh. 


Lindberg. 


EngL 


Engler. 


lAndh. 


Lindheimer. 


Bsch. 


Fischer. 


Undl. 


Lindley. 


FroBl. 


FroBlich. 


Lodd. 


Loddiges. 


Oartn. 


Gsertner. 


Loud. 


Loudon. 


Oaud. 


Gaudin. 


M. Bieb. 


Marschall ?on Bieberstein. 


Oaudich. 


Oandichand. 


Marsh, 


Marshall (Homphrey). 


Qing. 


Oingins. 


Mart. 


Martiua. 
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Mast. :s Masters. 
Mojim, Mazimowicz. 

Meis*, ) Meisner or 

MeUsn. i Meissner. 
Michx. or Mjc, Miebaox. 
Michx.f. F. A. Michaax. 
MilL MiUcr. 

Miq» Miqael. 

Mitch. MitchelL 

J/of. Mo^ino. 

Moq. Moquin-Tandon. 

Moric. Moricand. 

Moris. Morison. 

Muell. Jrg. J. Maeller. 
Muell. (f.) Ferdinand Maeller. 
Muhl. Muhlenberg. 

Murr. Murray. 

Naud. Naudin. 

Neck. Necker. 



Nees ) 

N. ab E. J 



Nees von Esenbeck. 



Nutt. Nuttall. 

(Ed. (Eder. 

Ort. Ortega. 

P. de Beauv. Palisot de Beaavois. 

Pall. Pallas. 

Pari. Parlatore. 

Pav. Pavon. 

Pers. Persoon. 

Planch. Planchon. 

Pluk. Pluk-net. 

Plum, Plumier. 

Poir. Poiret. 

Uadlfc. Radlkofer. 

Baf. Rafinesque. 

Bed. Redoute. 

Beichenb. Reichenbacli. 

Bich. L. C. Richard. 

Bich.f. or A. Achille Richardi 

Bichards. Richardson. 

Bidd. Riddell. 



Bam.j^Sehult. » Ramer ft Sclmltet. 

Bottb. Rottboell. 

Bupr. Ruprecht. 

St. Hil. Saint- Hilaire. 

Salisb. Salisbury. 

Schk. Schkuhr. 

Schlecht. SehlechtendaL 

Schrad. Schrader. 

Schreb. Schreber. 

Schwein. Schweinits. 

Scop. Scopoli. 

Spreng. SprengeL 

Stemb. Sternberg. 

Steud. Steudel. 

Sull. SuUivant. 

Thunb. Thunberg. 

Torr. Torrey. 

Toum. Toumefort 

Trauto. Trautvettcr. 

Trin. Trinius. 

Tuck. Tuckerman. 

Vaill. VaiUant. 

Vent. Ventenat. 

nil. Vilkrs. 

Wahl. Wahlenberg. 

Walds. Waldstein. 

Wall. Wallich. 

Wallr. Wallroth. 

Walp. Walpera. 

Walt. Walter. 

Wang. Wangenheim. 

Wats. Sereno Watson, unless 

other initials are giveu 

Wedd. Weddell. 

Wendl. Wendland. 

Wiks. Wikstrom. 

Willd. Willdenow. 

Wulf. Wulfen. 

Zuce, Zuccarini. 

Zaccag. Zuccagini 
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DICTIONARY OP THE PRINCIPAL TERMS IN DESCRIPTIVE 
BOTANY, COMBINED WITH AN INDEX. 



For the conyenience of nnclassical students, the commoner Latin and Greek words (or 
their equivalents in English form) which enter into the composition of botanical names, as 
well as of technical terms, are added to this Glossary. The numbers refer to pages. 



A, at the beginniog of words of Qreek derivation, commonly signifies a negative, 
or the absence of something; as apetalous, without petals; aphyllous, leaf- 
less, &c In words beginning with a vowel, the prefix is an; as aTiantherous, 
destitute of anther. 

Abnormal J contrary to the usual or the natural structure. 

A oonginal, original in the strictest sense ; same as indigenous. 

Abortive, imperfectly formed, or rudimentary. 

Abortion, the imperfect formation or the non-formation of some part. 

Abrupt, suddenly terminating ; as, for instance, 

Abruptly pinnaUj pinnate without an odd leaflet at the end, 58. 

Acanthi' f spiny. 

Acaulescent (acaidis), apparently stemless; the proper stem, bearing the leaves 
and flowers, being very short or subterranean. 

Accessory, something additional; as Accessory buds, 30, 31 ; Accessory fruits, 118. 

Accrescent^ growing larger after flowering. 

Accrete, grown to. 

Accumbent, lying against a thing. The cotyledons are accumbent when they lie 
with their edges against the radicle, 128. 

Acephalous, headless. 

Acerose, needle-shaped, as the leaves of Pines. 

Acetahulifonn, saucer-shaped. 

Achcenium, or Achenium (plural a^ihenia), a one-seeded, seed-like fruit, 120. 

Achlamydeous (flower), without floral envelopes, 86. 

Adcular, needle-shaped; more slender than acerose. 

Adnaci/orm, scimitar-shaped, like some bean-pods. 

Acines, the separate grains of a fruit, such as the raspberry. 

Acorn, the nut of the Oak, 122. 

Acotyledonous, destitute of cotyledons or seed-leaves. 

Acrogenous, growing from the apex, as the stems of Ferns and Mosses. Acrogens, 
or Acrogenous Plants, a name for the vascular cryptogamous plants, 156. 

Aculeate, armed with prickles, i. e. aculei ; as the Rose and Brier* 

Aculeolate, armed with small prickles, or slightly prickly. 

Acuminate, taper-pointed, 54. 

Acv>te, merely sharp-pointed, or ending in a point less than a right angle, 54. 

13 
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Adelphous (stamens), joined in a fraternity (addphia); see monadelphotu, && 

Aden, Greek for gland. So Adenophorous, gland-bearing. 

Adherent, sticking to, or more commonly, growing fast to another body. 

Adnate, literally, growing fast to, bom adherent, 95. The anther is adnate when 

fixed by its whole length to the filament or its prolongation, 101. 
Adnation, the state of being adnate, 94. 

Adpressed or oppressed, brought into contact with, bnt not united. 
Adscendentf ascendent, or ascending, rising gradually upwards, 39. 
Adsurgenty or assurgent^ same as ascending, 39. 

Adwntitious, out of the proper or usual place; e. g. Adventitious buds, 30. 
Adventive, applied to foreign plants accidentally or sparingly introduced into a 

country, but hardly to be called naturalized. 
^Equilateral, equal-sided ; opposed to oblique. 
Aerial roots, &c., 36. 
jEruginous, verdigris-colored. 
jEstival, produced in summer. 

Estivation, the arrangement of parts in a flower-bud, 97. 
Againous, sexless. 
Aggregaie fruits, 118. 
Agrestis, growing in fields. 

Air-cells or Air-passages, spaces in the tissue of leaves and some stems, 131: 
Air-Plants, 36. 
Akene or Akeniwm, 120. 

Ala (plural, alee), a wing; the side-petals of a papUionaceous corolla, 92. 
Alabastrum, a flower-bud. 
Alar, situated in the forks of a stem. 
Alate, winged. 

Albescent, whitish, or turning white. 
AUmSy Latin for white. 

Albumen of the seed, nourishing matter stored up with the embryo, 21, 127* 
Albumen, a vegetable product, of four elements. 
AUmminous (seeds), furnished with albumen, 21. 
Alburnum-, young wood, sap-wood,' 142. 
Alliaceous, with odor of garlic. 
Allogamous, close fertilization. 
Alpestrine, subalpine. 

Alpine, belonging to high mountains above the limit of forests. 
Alternate (leaves), one after another, 29, 67. Petals are alternate with tho 

sepals, or stamens with the petals, when they stand over the intervals between 

them, 82. 
Alveolate, honeycomb-like. 

Ament, the scaly spike of trees like the Birch and Willow, 75. 
Amentaceous, catkin-like, or catkin-bearing. 
Amorphous, shapeless, without any definite form. 
Amphicarpotu, producing two kinds of fruit. 

Amphigastrium (plural, amphigastria), a peculiar stipule-like leaf of Liverwortfl. 
Amphitropous, ovules or seeds, 111. 
Amphora, a pitcher-shaped organ. 

Amplectant, embracing. Amplexicaul (leaves), clasping the stem by the base. 
Ampullaceous, swelling out like a bottle or bladder {ampulla). 
Amylaceous, Amyloid, composed of starch {amylum), or starch-like. 
Anandrous, without stamens. 

Anantherous, without anthers. Ananthous, destitute of flowers ; flowerless. 
Anastomosing, forming a net-work {anastomosis), as the veinp of leaves, 60. 
Anatropous ovules or seeds, 111. 
Ancipital {anceps), two-edged. 
Andracium, a name for the stamens taken together, 98. 
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Andro-cRaaous^ flowers staminate on one plant, perfect on another. 
AndrogynouSy having both staminate and pistillate flowers in the same cluster. 
AndrcphorCf a column of united stamens, as in a Mallow. 
AndrouSf or Ander^ andra, andrum, Greek in compounds for male, or stamens. 
AnemcphilouSy wiod-loving, said of wind-fertilizable flowers, 113. 
Anfractuosef bent hither and thither as the anthers of the Squash, kc 
Angiosperma^ Angiospermom, with seeds formed in an ovary or pericarp, 109. 
Angular divergence of leaves, 69. 

Anisos, unequal. Aniaomerous, parts unequal in number. Anitopetcdout, with un- 
equal petals. AmsophylUnu, the leaves unequal in the pairs. 
Annual (plant), flowering and fruiting the year it is raised from the seed, and then 

dying, 37. 
Annular, in the form of a ring, or forming a circle. 
Annulate, marked by rings; or furnished with an 
Anmdus, or ring, like that of the spore-case of most Ferns. In Mosses it is a ring 

of cells placed between the mouth of the spore-case and the lid in many species. 
Annotinous, yearly, or in yearly growths. 
Anterior, in the blossom, is the pari; next the bract, i. e. external; while the 

posterior side is that next the axis of inflorescence. Thus, in the Pea, &c., the 

keel is anterior, and the standard posterior, 96. 
Anthela, an open paniculate cyme. 

Anther, the essential part of the stamen, which contains the pollen, 14, 80, 101. 
Antheridium (plural antkeridia)^ the organ in Cryptogams which answers to the 

anther of Flowering Plants, 150. 
Antkeriferotts, anther-bearing. 

Antkegis, the period or the act of the expansion of a flower. 
Anthocarpus (fniits), 118. 

Anthophore, a stipe between calyx and corolla, 113. 
Anthos, Greek for flower ; in composition, Monanthout, one-flowered, kc 
Anticoua, same as anterior. 
Antrorse, directed upwards or forwards. 
Apetalout, destitute of petals, 86. 
Aphyllous, leafless. 

Apical^ belonging to the apex or point. 
Apiculate, pointleted ; tipped with a small point. 

Apocarpous (pistils), when the several pistils of the same flower are separate. 
Apophysis, any irregular swelling ; the enlargement at the base of the spore-case oi 

the Umbrella- Moss. 
Apothecium, the fructification of Lichens, 171. 

Appendage, any superadded part. Appendiculate, provided with appendages. 
Appressed, close pressed to the stem, kc, 
Apricus, growing in dry and sunny places. 
Apterous, wingless. 
Aquatic (Aquaiilis), living or growing in water ; applied to plants whether growing 

under water, or with all but the base raised out of it. 
Arachnoid, Araneose, cobwebby; clothed with, or consisting of, soft downy fibres. 
Arboreous, Arborescent, tree-like, in size or form, 39. 
Arboi^etum, a collection of trees. 
Archegonium (plural archegonia), the organ in Mosses, &c., which is analogous to 

the pistil of Flowering Plants. 
Arcuate, bent or curved like a bow. 
Arenose {Arenarius)^ growing in sand. 
Areolafe, marked out into little spaces or areolce. 
Argenteous, or Argentate^ silvery-like. 
ArgiUose, growing in clay. 

Argos, Greek for pure white ; Argophyllous or Argyrophyllous, white-leaved, &c, 
Argutus, aeutely dentate. 
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Arillate (seeds) furnished with an ariL 

Arillifarmj aril-like. 

ArUluBf or Arilf a tieshy growth from base of a seed, 126. 

Aristate, awned, i e. furnished with an arista^ like the beard of Barley, &c., 54. 

Arigtulate, diminutive of the last; short-awned. 

Arrecty brought into upright position. 

Arroto-shaped or Arrow-hecided, same as tagiUate, 53. 

Articulated, jointed; furnished with joints or articulations, where it separates or 

inclines to do so. Articulated leaves, 57. 
Artijicifil Classijication, 181. 
Ascending (stems, &c.), 39; (seeds or ovules) 110. 
Ascidium, a pitcher-shaped body, like leaves of Sarracenia. 
Ascus {asci), a sac, the spore-case of Lichens and some Fungi 
Aspergilliform^ shaped like the brush used to spriukle holy water; as the stigmas 

of many Grasses. 
Agperous, rough to touch. 
Assimilation, 144, 147. 
Assurgent, same as ascending, 39. 
Atropous or Atropal (ovules), same as orthotropous. 
A urantiacous, orange-colored . 
Aureous, golden. 

Auriculate^ furnished with auticles or ear-like appendages, 53. 
Autogamy, self-fertilization, 115. 
Awl-shaped, sharp-pointed from a broader base, 61. 
Awn, the bristle or beard of Barley, Oats, &c.; or any similar appendage. 
Atoned or AwnpoifUed, furnished with an awn or long bristle-shaped tip, 54. 
Axil, the angle on the upper side between a leaf and the stem, 13. 
Axile, belonging to the axis, or occupying the axis. 
Axillary (buds, &c.), occurring in an axil, 27. 
Axis, the central line of any body ; the organ round which others are attached; the 

root and stem. Ascending and Descending Axis, 38. 

Baccate, berried, berry-like, of a pulpy-nature like a berry {bacca), 

Badius, chestnut-colored. 

Banner, see Standard, 92. 

Barbate, bearded; bearing tufts, spots, or lines of hairs. 

Barbed, furnished with a barb or double hook ; as the apex of the bristle on the 

fruit of Echinospermum (Stickseed), &c. 
Barbellate, said of the bristles of the pappus of some Compositae when beset with 

short, stiff hairs, longer than when denticulate, but shorter than when plumose. 
Barbelluktte, diminutive of barbellate. 
Bark, the covering of a stem outside of the wood, 138, 140. 
Basal, belonging or attached to the 

Bctse, that extremity of any organ by which it is attached to its support* 
BaeijUxed, attached by its base. 
Bast, Bast-fibres, 134. 
Beaked, ending in a prolonged narrow tip. 
Bearded, see barbate. Beard is sometimes used for awn, more commonly for long 

or stiff hairs of any sort. 
Bttt-shaped, of the shape of a bell, as the corolla of Harebell, 90. 
Berry, a fruit pulpy or juicy throughout, as a grape, 119. 
Bv- (or Bis), in compound words, twice ; as 

Biarticulate, twice-jointed, or two-jointed; separating into two pieces. 
Biauriculate, having two ears, as the leaf in fig. 126. 
Bicallose, having two callosities or harder spots. 
Bicarinate, two-keeled. 
Bicipital {Biceps), two-headed; dividing into two parts. 
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Biconjugatey twice paired, as when a petiole forks twice. 

BidtfUate, having two teeth (not twice or doubly dentate). 

Biennial, of two years' continuance ; springing from the seed oce season, flowering 

and dying the next, 38. 
Bifarious, two-ranked ; arranged in two rows. 
Bijidy two-cleft to about the middle. 
Bifoliolatey a compound leaf of two leaflets, 59. 
BifurccLtey twice forked; or more commonly, forked into two branches. 
Bijugattj bearing two pairs (of leaflets, &c.). 
Bilabiate, two-lipped, as the corolla of Labiatse. 
Bilamellate, of two plates (lamtlke), as the stigma of Mimolus. 
Bilobedy the same as two-lobed. 
Bilocdlate, when a cell is divided into two locelli, 
BiloctUar, two-celled; as most anthers, the pod of Foxglove, &c. 
Binai'y, in twos. 

Bifiate, in couples, two together. Bipartite, the Latin form of two-parted* 
Binodaly of two no<ies. 

Binomial^ of two words, as the name of genus and species taken together, ISO. 
Bipalmate, twice palmately divided. 
Biparotu, bearing two. 

Bipinnate (leaO, twice pinnate, 58. Bipinnatifidy twice pinnatifid, 57- 
Bipinnatisect, twice pinnately divided. 
Biplicaie, twice folded together. 

BiseHal, or Biseriate, occupying two rows, one within the other. 
Biserratey doubly serrate, as when the teeth of a leaf are themselves 8erratA« 
Bisexunly having both stamens and pistil. 

Bitematey twice ternate; i. e. principal divisions three, each bearing three leaflots. 59 
Bladdery, thin and inflated. 
Blade of a leaf, its expanded portion, 49. 
Blown, the whitish powder on some fruits, leaves, &c. 
Boat-shaped, concave within and keeled without, in shape like a small boat. 
Border of corolla, &c., 89. 

Brachiate, with opposite branches at right angles to each other. 
Brachy-y short, as BrackycarpotUy short-fluite<l, &c. 
Bract (Bractea), the leaf of an inflorescence. Specially, the bract is the small le^if 

or scale from the axil of which a flower or its pedicel proceeds, 73. 
Bracteate, furnished with bract*. 
Bracteolate, furnished with bractlets. 
Bracteose, with numerous or conspicuous bracts. 

Bractlet ( Bracteola), or Bracteole, is a bract seated on the pedicel or flower-stalk, 73. 
Branch, Branching y 27. 
Breathing-pores, 144. 

Bristles, stiff, sharp hairs, or any very slender bodies of sinular appearance. 
Bristly, beset with bristles. Bristle-pointed, 54. 
Brunneous, brown. 
Brttsh-shapedy see aspergilli/orm. 
Bryology, that part of botany which relates to Mosses. 
Bryophyta, Brynphytes, 163. 

Bud, a branch in its earliest or undeveloped state, 27. Bud-scales, 63. 
BuJh, a leaf -bud with fleshy scales, usually subterranean, 46. 
Bulbils, diminutive bulbs. 

Bulbiferous, bearing or producing bulbs. Bulbose or bulbous, bulb-like in shape, &o. 
Bulblets, small bulbs, borne above ground, 46. 
Bulb-scales, 46. 

Bullate, appearing as if blistered or bladdery (from bulkif a bubble). 
Byssaceous, composed of fine flax-like threads. 



198 GLOSSARY AND INDEX. 

Caducouij dropping off very early, compared with other parts; as the calyx in the 

Poppy, falling when the Hewer opens. 
CceruUouSf blue. Casrulescentf becoming bluish. 
Casspitosej or Ctspitose, growing in turf-like patches or tufts. 
Calathiform^ cup-shaped. 

Calcarate, furnished with a spur {calcar\ 86, 87. 

Calceolate or Calcei/orm, slipper-shape^l, like one petal of the Lady's Slipper. 
Callosef hardened ; or furnished with callosities or thickened spots. 
Calvous, bald or naked of hairs. 

Calycijlm'uSf when petals and stamens are adnate to calyx. 
Calycine, belonging to the calyx. 
Calyculate, furnished with an outer accessory calyx {calyculus) or set of bracts 

looking like a calyx, as in true Pinks. 
Calyptra^ the hood or veil of the capsule of a Moss, 163. 
Calypiratey having a calyptra. 

Calyptnform^ shaped like a calyptra or candle-extinguisher. 
Calyx, the outer set of the floral envelopes or leaves of the flower, 14, 79. 
Cambium^ Cambium-layer, 140. 
Campanulate, bell-shaped, 90. 
Campy lotropous, or Campylotropah curved ovules and seeds. 111. CampykupermouSf 

applied to fruits of Uuibelliferse when the seed is curved in at the edges, 

forming a groove down the inner face ; as in Sweet Cicely. 
Canaliculate, cliannelled, or with a deep longitudinal groove. 
Cnncellate, latticed, resembling lattice- work. 
CandiduSy Latin for pure white. 
Canescent, grayish- white; hoary, usually because the surface is covered with fine 

white hairs. Jncanous is whiter still. 
CanouSf whitened with pubescence; see incanous. 

Capillaceousy Capillary, hair-like in shape; as fine as hair or slender bristles. 
Capitate, having a globular apex, like the head on a pin. 
Cnpitellate, diminutive of capitate. 

Capitulum, a close rounded dense cluster or head of sessile flowers, 74. 
Capreolate, bearing tendrils (from capreclus, a tendril). 
Capsule, a dry dehiscent seed-vessel of a compound pistil, 122. 
Capsular J relating to» or like a capsule. 
Capture of insects, 154. 

Carina, a keel ; the two anterior petals of a papilionaceous flower, 92. 
Carinate, keeled, furnished with a sharp ridge or projection on the lower side. 
Cariopsis, or Caryopsis, the one-seeded fruit or grain of Grasses, 121. 
Carneous, flesh -colored; pale red. Camote, fleshy in texture. 
Carpel, or Caipidium, a simple pistil or a pistil-leaf, 106. 
Carpellary, pertaining to a carpel. 

Caipology, that department of botany which relates to fruits. 
Carpophore, the stalk or support of a pistil extending between its carpels, 113. 
Carpos, Greek for fruit. 

Cartilaginous, or Cartilagineous, fii-m and tough in texture, like cartilage 
Caruncle, an excrescence at the scar of some seeds, 126. 
Carunculate, furnished with a caruncle. 

Caryophyllnceous, pink-like: applied to a corolla of 5 long-clawed petall. 
Cassideous, helmet-shaped. 
Cassus, empty and sterile. 

Catenate, or Cafenulate, end to end av In a chain. 
Catkin, see Ament, 75. 
Caudate, tailed, or tail-pointed. 

Caudex, a sort of trunk, such as that of Pa^ms; an upright rootstodc, 39, 44> 
Coudicle, the stalk of a pollen-mass, &c. 
Caulescent, having an obvious stem, 36. 
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Caulide, a little stem, or radtmentarj stem (of a seedling), 11, 197. 
CauUnej of or belonging to a stem, 36. CaulU, Latin name of stem. 
CttulocarpiCf equivalent to perennial. 
Caulomef the cauline parts of a plant. 

Cell (diminutive, Cellule), the cavity of an anther, ovary, &e. ; one of the anatomi- 
cal elements, 131. 
Cellular Cryptogams^ 162. Cellular fume, 131. 
CeUulose, 131 . CeW-waUt, 130. 
Centrifugal (inflorescence), produced or expanding In saccession from the centre 

outwards, 77. 
Centripetal, the opposite of centrifugal, 74. 
Cq^hala, Greek for head. lu compounds, Monoctpkalous, with one head, MicrO' 

cephaloui, small-headed, &c. 
Cereal, belonging to com, or corn-plants. 
Cemuaut, nodding; the summit more or less inclining. 
CkcBta, Greek for bristle. 
Chaff, small membranous scales or bracts on the receptacle of Compoeit»; the 

glumes, &c., of grasses. 
Chaffy, furnished with chaff, or of the texture of chaff. 
Chalaza, that part of the ovule where all the parts grow together, 110, 126. 
Channelled, hollowed out like a gutter; same as canaliculate. 
Character, a phrase expressing the essential marks of a species, genus, &c., 181. 
Chariaceous, of the texture of paper or parchment. 
Chioros, Greek for green, whence Chloranthout, green-flowered; Chlorocarpous, 

green-fruited, &c. 
Chlorophyll, leaf green, 136. 

Chlorosis, a condition in which naturally colored parts turn green. 
Choripetalous, same as polypetalous. 
Chorisis, separation of the normally united parts, or where two or more parts take 

the place of one. 
Chromule, coloring matter in plants, especially when not green, or when liquid. 
Chrysos, Greek for golden yellow, whence Chrysanthous, yellow-flowered, &c. 
Cicatrix, the scar left by the fall of a leaf or other organ. 
CtUate, beset on the margin with a fringe of ct/ia, i. e. of hairs or bristles, like the 

eyelashes fringing the e3'elids, whence the name. 
Cinereous, or Cineraceous, ash-grayish ; of the color of ashes. 
Circinate, rolled inwards from the top, 72. 
Circumsdsnle, or Circumcissile, divided by a circular line round the sides, as the 

pods of Purslane, Plantain, &c., 124. 
Circumsciiption, general outline. 
Cirrhiferous, or Cirrhose, furnished with a tendril (Latin, Cirrhus) ; as the Grape 

vine. Cirrhose also means refiembling or coiling like tendrils, as the leaf* 

stalks of Virgin's-bower. More properly Cirrus and Cirrose. 
Citreous, lemon-yellow. 
Clados, Greek for branch. Cladophylla, 64. 
Class, 178. 183. 
Classification, 175, 183. 
Clathrate, latticed ; same as cancellate, 
Clavate, club-shaped; slender below and thickened upwards. 
Clavellate, diminutive of clavate. 

Claviculate, having Claviculcs, or little tendrils or hooks. 
Claw, the narrow or stalk-like base of some petals, as of Pinks, 9L 
Cleistogamous (Cleistogamy), fertilized in closed bud, 115. 
Cleft, cut into lobes, 55. 
Close fertilization, 115. 

Climbing, rising by clinging to other objects, 39, 151. 
Club-shaped, see clavate. 
Clustered, leaves, flowers, &c., aggregated or collected into a bunch. 
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ClyptaUy backler-fihaped. 

Coadutiate, same as connate^ i. e. UDited. 

Coaletcent^ growing together. Coalescence^ 88. 

Coarctate, contracted or brought close together. 

Coatedy having an integument, or covered in layers. Coated bulb, 46. 

Cobwebby y same as arachno^'y bearing hairs like cobwebs or gossamer. 

CoccineouSy scarlet-red. 

Coccus (plural cocci), anciently a berry; now mostly used to denote the separable 

carpels or nutlets of a dry fruit. 
Cochlearifomiy spoon-shaped. 
Cochleate, coiled or shaped like a snail-shell. 
Calotpermousy applied to those fruits of UmbellifersB which have the seed hollowed 

on the inner face, by incurving of top and bottom ; as in Coriander. 
Coherent^ usually the same as connate. 

Cohort, name sometimes used for groups between order and class, 178. 
Coleorhiza, a root-sheath. 
CoUateraly side by side. 
Collective fruits, 118. 

CoUum or Collar, the neck or junction of stem and root. 
Colored, parts of a plant which are other-colored than green. 
Columella, the axis to which the carpels of a compound pistil are often attached, 

as in Geranium (112), or which is left when a pod opens, as in Azalea. 
Column, the united stamens, as in Mallow, or the stamens and pistils united int& 

one body, as in the Orchis family. 
Columnar, shaped like a column or pillar. 
Coma, a tuft of any sort (literally, a head of hair), 125. 
Comoie, tufted; bearing a tuft of hairs, as the seeds of Milkweed, 126. 
Commissure, the line of junction of two carpels, as in the fruit of Umbellifer». 
Complanate, flattened. 

Compound leaf, 54, 57. Compound pistil, 107. Compound umbel, 75, &c 
Complete (flower), 81. 
Complicate, folded upon itself. 
Compressed, flattened on opposite sides. 
Conceptacle, 168. 
Condnnous, neat. 
Concolor, all of one color. 
Conchiform, shell- or half-shell- shaped. 
Conduplicate, folded upon itself lengthwise, 71. 
Cone, the fruit of the Pine family,124. Coniferous, cone-bearing. 
Confertus, much crowded. 

Conferruminate, stuck together, as the cotyledons in a horse-chestnut 
Confluent, blended together; or the same as coherent. 
Conformed, similar to another thing it is associated with or compared to; or closely 

fitted to it, as the skin to the kernel of a seed. 
Congested, Confflomernte, crowded together. 
Conglomerate, crowded into a glomerule. 
Conjugate, coupled ; in single pairs. Conjugation, 170. 
Connate, united or grown together from the first formation, 96. 
Connnte-perfoliate, when a pair of leaves are connate round a stem, 60. 
Connective, Cf>nnectivum, the part of the anther connecting its two cells, 101. 
Connivent, converging, or brought close together. 
Consolidation (floral), 94. 
Consolidated forms of vegetation, 47. 
Contents of cells, 136. 

Continuous, the reverse of interrupted or articulated. 
Contorted, twisted together. Contorted (Estivation, same as convolute, 97. 
Contortuplicate, twisted back upon itself. 
Contracted, either narrowed or shortened. 



GLOSSARY AND INDEX. 201 

Contrary^ turned in opposite direction to the ordinary. 

Convolute, rolled up lengthwise, as the leaves of the Plum In vernation, 72. In 
festivatlun, same as contorttdj 97. 

Cordate, heart-shaped, 53. 

Coriacentts, resembling leather in texture. 

Corky, of the texture «.f cork. Corky layer of bark, 141. 

Corm, a solid bulb, like that of Crocus, 45. 

Corneous, of the consistence or appearance of horn. 

Comiculafe, furnished with a small horn or spur. 

Cornute, homed; bearing a horn-like projection or appendage. 

Corolla, the leaves of the flower within the calyx, 14, 79. 

Corollaceous, CoroUine, like or belonging to acorolla. 

Corona, a coronet or crown ; an appendage at the top of the claw of some petals, 91. 

Coronate, crowned; furnished with a crown. 

Coi-tex, bark. Cortical, belonging to the bark (cortex). 

Corticate, coated with bark or bark-like covering. 

Corymb, a flat or convex indeterminate flower-cluster, 74. 

Corymbi/erous, bearing corymbs. 

Corymbose, in corymbs, approaching the form of a corymb, or branched in that way. 

Costa, a rib; the midrib of a leaf, &c. Costate, ribbed. 

Cotyledons, the proper leaves of the embryo, 11, 127. 

Crattriform, goblet-shaped or deep saucer-shaped. 

Creeping (stems), growing flat on or beneath the ground and rooting, 39. 

Cremocarp, a half-fruit, or one of the two carpels of Umbelliferie, 121. 

Crenate, or Crenelled, the edge scalloped into rounded teeth, 55. 

Crenulate, minutely or slightly crenate. 

Crested, or Ciistate, bearing any elevated appendage like a crest. 

Cretaceous^ chalky or chalk-like. 

Cribrose, or cribriform, pierced like a sieve with small apertures. 

Ciinite, bearing long hairs. 

Crispate, curled or crispy. 

Croceous, saffron-color, deep reddish-yellow. 

Cross-breeds, the progeny of interbred varieties, 176. 

Cross fertilization, 115. 

Crown, see corona. Crowned, see coronate. 

Cruciate, or Cruciform, cross-shaped. Cruciform Corolla, 86. 

Crustaceous, hard and brittle in texture; crust-like. 

Cryptogamous Plants, Cryptogams, 10, 156. 

Cryptos, concealed, as Cryptopetalous, with concealed petals, &c. 

Crystals in plants, 137. 

CucuUate, hooded, or hood-shaped, rolled up like a comet of paper, or a hood 

(cucullus), as the spathe of Indian Turnip, 75. 
Culm, a straw ; the stem of Grasses and Sedges, 39. 
Cultrate, shaped like a trowel or broad knife. 
Cuneate, Cuneiform, wedge-shaped, 53. 
Cup-shaped, same as cyathiform or near it. 
Cupule, a little cup ; the cup to the acorn of the Oak, 122. 
Cupular, or Cupulate, provided with a cupule. 
Cupuliferous, cupule-bearing. 
Curviveined, with curved ribs or veins. 
Curviserial, in oblique or spiral ranks. 

Cushion, the enlargement at the insertion or base of a petiole. 
Cuspidate, tipped with a sharp and stiff point or cusp, 54. 
Cut, same as incised, or applied generally to any sharp and deep division, 55. 
Cuticle, the skin of plants, or more strictly its external pellicle. 
Cyaneous, bright blue. 

Cyathiform, in the shape of a cup, or particularly of a wine-glass. 
Cyclcy one complete turn of a spire, or a circle, 70. 
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Cyclical^ rolled up circularly, or coiled into a complete circle. 

Cydosis^ circulation in closed cells, 149. 

Cylindraceotks^ approaching to the Cylindrical form, terete and not tapering. 

Cymbcefonnf or Cymbijbniif same as boat-shaped. 

Cymej a cluster of centrifugal inflorescence, 77. 

Cymosej furnished with cymes, or like a cyme. 

Cymule, a partial or diminutive cyme, 77. 

Deca- (in words of Greek derivation), ten; as 

Decat;ynou8y with 10 pistils or styles, DtcamerouSf of 10 parts^ Decandrous^ with 

10 stamens, &c. 
Deci luous, falling off, or subject to fall ; said of leaves which fall in autumn, and 

of a calyx aud corolla which fall before the fruit forms. 
Declinate^ declined^ turned to one side, or downwards. 
JJecomjyoundj several times compounded or divided, 59. 
Decumbent, reclined on the ground, the summit tending to rise, 39. 
Decurrent (leaves), prolonged on the stem beneath the insertion, as in Thistles. 
Decussite, arranged in pairs which successively cross each other, 71. 
Deduplication, same as chorisis. 

Definite, when of a uniform number, and not above twelve or so. 
Definite Inflorescence, 72. 
Deflexed, bent downwards. 

Deflorate, past the flowering state, as an anther after it has discharged its pollen. 
Dehiscence, the regular splitting open of cap!<ule or anther, 10^, 119. 
Dehiscent, opening by regular dehiscence, 119, 123. 
Deliquescent, branching off so that the stem is lost in the branches, 32. 
Deltoid, of a triangular shape, like the Greek capital A. 
Demersed, growing below the surface of water. 
Dendroid, Dendritic, tree-like in form or appearance. 
Dendron, Greek for tree. 
Deni, ten together. 
Dens, Latin for tooth. 

Dentate, toothed, 55. Denticulate, furnished with denticulations, or little teeth. 
Depauperate, impoverished or starved, and so below the natural size. 
Depressed, flattened or as if pressed down from above. 
Dej'ma, Greek for skin. 

Descending, tending gradually downwards. Descending axis, the root. 
Desmos, Greek for things connected or bound together. 
Determinate Inflorescence, 72. 
Dextrorse, turned to the right hand. 
Dl- Dis (in Greek compounds) two, a<? 

Diadelphous (stamens), united by their fllaments in two sets, 99. 
Diagnosis^ a 8h'>rt distinguishing character or descriptive phrase. 
Dialypttalous, same as polypetaloua. 
Diandrous, having two stamens, &c. 
Diaphanous, transparent or translucent. 
Dicarpellary, of two carpels. 

Dichlamydeous (flower), having both calyx and corolla. 
Dichogamous, Dichogamy, IIG. 
Dichotomous, two-forked. 

Diclinous, having ths stamens in one flower, the pistils in another, 85. 
Dicoccous (fruit), splitting into two coed or closed carpels. 
Dicotyls, 23. 
Dicotyledonous (embryo), having a pair of cotyledons, 23. Dicotyledonous Plants, 2-i 

182. 
Didymous, twin. 

Didynnmous (stamens), having four stamens in two pairs, lOQ. 
Diffuse, spreading widely and irregularly. 
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Digitate (fingered), where the leaflets of a compound leaf are all borne on the apex 
of the petiole, 58. 

Digynous (flower), having two pistils or styles, 105. 

DimerouSf made up of two parts, or its organs in twos. 

Dimidiate J haired; as where a leaf or leaflet has only one side developed. 

Dimorphitm, 117. Dimorphous^ Dimorphic^ of two forms, 117. 

DuBcious, or Dioicous, with stamens and pistils on different plants, 85. 

DipetalotUf of two petals. Dipht/Uous, two-leaved. Dipterout^ two-winged. 

Diplo-i Greek for double, as Diplostemonous, with two sets of stamens. 

Disciform or Disk-shapedy flat and circular, like a disk or quoit. 

DiscnidaJ, or Discoid, belonging to or like a disk. 

Discolor, of two different colors or hues. 

Discrete J separate, opposite of concrete. 

DisepalouSy of two sepals. 

Disk, the face of any flat body; the central part of a head of flowers, like the Sun- 
flower, or Coreopsis, as opposed to the ray or margin; a fleshy expansion of th« 
receptacle of a flower, 113. 

Disk-flowers, those of the disk in Composite. 

Dissected, cut deeply into many lobes or divisions. 

Dissepiments, the partitions of a compound ovary or a fruit, 108. 

DissUient, bursting in pieces. 

Distichous, two-ranked. 

Distinct^ uncombined with each other, 95. 

Dithecous, of two thecs or anther-cells. 

Divaricate, straddling; very widely divergent. 

Divided (leaves, &c.), cut into divisions down to the base or midrib, 55. 

Dodeca, Greek for twelve ; as Dodecagynous, with twelve pistils or styles, Dode-- 
candroHS, with twelve stamens. 

Dodrans, span-long. 

Dolahriform, axe-shaped. 

Dorsal, pertaining to the back {dorsum) of an organ. Dorsal Suture, 106. 

Dotted Ducts, 148. 

Double Flowers, where the petals are multiplied unduly, 79. 

Downy, clothed with a coat of soft and short hairs. 

Drupaceous, like or pertaining to a drupe. 

Dimpe, a stone-fruit, 120. Drupelet or Drupel, a little drupe. 

Ducts, the so-called vessels of plants, 134. 

Dumose, bushy, or relating to bushes. 

Duramen, the heart-wood, 142. 

Dwarf, remarkably low in stature. 

£', as a prefix of Latin compound words, means destitute of; as ecostate, without a 

rib or midrib; exalbuminous, without albumen, &c. 
Eared, see auriculate, 53. 

Ebracteate, destitute of bracts. Ebracteolate, destitute of bractlets. 
Ebumeous, ivory-white. 

Echinate, armed with prickles (like a hedgehog). Echinulate, a diminutive of it. 
Edentate, toothless. 

Effete, past bearing, &c. ; said of anthers which have discharged their pollen. 
Effuse, very loosely branched and spreading. 
Eglandulose, destitute of glands. 

Elaters, threads mixed with the spores of Liverworts, 165. 
Ellipsoidal, approaching an elliptical figure. 
EU^tical, oval or oblong, with the ends regularly rounded, 58. 
Emarginate, notched at the summit, 54. 
Embryo, the rudimentary plantlet in a seed, 11, 127. 
Embryonal, belonging or relating to the embryo. 
Emhrjfo-sac, 117. 
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Emtrted^ raised out of water. 

Endecagynous^ with eleven pistils or styles. Endecandrout, with eleven stamens. 
Endemic^ peculiar to the country geographically. 
Endocarp, the inner layer of a pericarp or fruit, 120. 
Endochntme^ the coloring matter of Algae and the like. 

Endoyenous Steins, 138. Endogenous plantSy an old name for monocotyledons. 
Endopleura, inner seed-coat. 

Endi/rhizal, radicle or root sheathed in germination. 
Endosperm^ the albumen of a seed, 21. 
Endostomej the orifice in the inner coat of an ovule. 

Ennea-j nine. EnneagyrumSy with nine petals or styles. Enneandrous^ nine-stamened. 
EnsatCf Knsiformy swurd-shaped. 

' Entire y the margins not at all toothed, notched, or divided, but even, 55. 
EntomophilouSj said of flowers frequented and fertilized by insects, 113. 
Ephemeral, lasting for a day or less, as the corolla of Purslane, &c. 
Epi-f Greek for upon. 

Epicalyxy such an involucel as that of Malvaceae. 
Epicarp, the outermost layer of a fruil, 120. 

Epidermal^ relating to the EpidermiSj or skin of a plant, 50, 141, 143. 
EpigcBous, growing un the earth, or close to the ground. 
Efngynuus, upon the ovary, 95, 99. 
Epipttnlovs, borne on the petals or the corolla, 99. 
Epiphyllous^ borne on a leaf. 

Epiphyte, a plant growing on another plant, but not nourished by it, 36. 
Epiphytic or Epiphytal, relating to Epiphytes, 
EpipterouSj winged at top. 

Epifperm, the skin or coat of a seed, especially the outer coat. 
Equal, alike in number or length. 
Equally pinnate, same as abruptly pinnate, 57. 
Equitanl (riding straddle), 60. 

Erion, Greek for wool. Erianthous^ woolly-flowered. Eriophorous, wool-bearing» &c 
Erosey eroded, as if gnawed. 
Erostrate, not beaked. 

Erythros, Greek for red. Erythrocarpous, red-fruited, &c. 
Essential Orgavs of the flower, 80. 
Estivation, see (Estivation. 

Etiolated, blanched by excluding the light, as the stalks of Celery. 
Eu, Greek prefix, meaning very, or much. 

Evergreen, holding the leaves over winter and until new ones appear, or longer. 
Ex, Latin prefix; privative in place of "e" when next letter is a vowel. So Ex' 

alate, wingless; Kxalbuminous (seed), without albumen, 21. 
Excurrent, running out, as when a midrib projects beyond the apex of a leaf, or a 

trunk is continued to the very top of a tree, 32. 
E^^guous, puny. 
Exilit, lank or meagre. 
E^cimius, diatinguisiied for size or beauty. 
E<KO'f in Greek compounds, outward, as in 
Efcocarp, outer layer of a pericarp, 120. 
Exogenous, outward growing. Exogenous stems, 139. 
Exorhizal, radicle in germination not sheathed. 
Exostome, the ori^ce in the outer coat of the ovule. 
Explanate, spread or flattened out. 

Exserted, protruding out of, as the stamens out of the corolla. 
Exstipulate, destitute of stipules. 
Extine, outer coat of a pollen-grain. 

Extra-axillary, said of a branch or bud somewhat out of the axil, 31. 
Extrorse, turned outwards; the anther is extrorse when fastened to the filament on 

the side next the pistil, and opening on the outer side, 101. 
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Falcate f scythe-ebaped ; a flat bodj curved, its edges parallel. 

False RacemeSy 78. 

Family y iu botany same as Order, 177. 

Farinay meal or starchy matter, 136. 

Faritiaceous, mealy in texture. FarinoUy covered with a mealy powder. 

Fasciate, banded; also applied to monstrous stems which grow flat. 

Fascicle^ a close cluster, 77. 

Fascicledy Fasciculatedy growing iu a bundle or tuft, as the leaves of LArch, 68, and 

roots of Peony, 35. 
Fastigintey close, parallel, and upright, as the branches of Lombardy Poplar. 
F'lux (plural, /awcM), the throat of a calyx, corolla, &c., 89. 
FaveolatCy Favosfy honeycombed; same as alveolate. 

Feather-veined y with veins of a leaf all springing from the sides of a midrib, 51. 
Fecula or Fcecula, starch, 136. 
Female flower or planty cme bearing pistils only. 
Fenestratey pierced with one or more large holes, like windows. 
FerrugineouSy or Ferruginouiy resembling iron-rust; red-gray jyh. 
FertiUy fruit-bearing, or capable of it; also said of anthers pronuring good pollen. 
Fertilizationy the process by which pollen causes the embryo to be formed, 114. 
Fibre (woody), 133. Fibrougy containing nmch tibre, or composed of fibres. 
Fibrillosey formed of small fibres, or FibrilliB. 
Fibro-vnscular bundle or tissue, formed of tibres and vessels. 
Fiddle-shaped, obovate with a deep recess on each side. 
FiduSy Latin suffix for cleft, as Bifld, two-cleft. 

Filamenty the stalk of a stamen, 14, 80, 101 ; also any slender thread-shaped body. 
Filamentosey or FilamentouSy bearing or formed of slender threads. 
Fdiformy thread-shaped; long, slender, and cylindrical. 
Fimbriatey fringed; furnished with fringes (flmbrice). 
Fimbrillate, FimhrilliferouSy bearing small ^mArwu, i. e.flmbrillcB. 
FissiparouSy multiplying by division of one body into two. 
Fissiis, Latin for split or divided. 

Flstulary or Fistuiosey hollow and cylindrical, as the leaves of the Onion. 
Flnbelliformy or Flabellatey fan-shaped. 
Flagellatey or Flagelliformy lonjf, narrow, and flexible, like the thong of a whip; or 

like the runners {flagelloe) of the Strawberry. 
Flavescenly 3'ellowish, or turning yellow. 
FlavuSy Latin for j-ellow. 
Fleshy y composed of firm pulp or flesh. 

Flexuosey or FlexuouSy bending in opposite directions, in a zigzag way. 
Floating y swimming on the surface of water. 

Floccosey composed of or bearing tufts of woolly or long and soft hairs. 
Flora (the goddess of flowers), the plants of a country or district, taken together, or 

a work systematically describing them, 9. 
Floral Envelopes, or Flower-leaveSy 79. 
Florety a diminutive flower, one of a mass or cluster. 
Floribundy abundantly floriferous. 
Florultty the flora of a small district. 
FloSy floriSy Latin for flower. 
FlosculuSy diminutive, same as floret. 

Flowery the whole organs of reproduction of Phjenogamous plants, 14, 72. 
Flower-bud, an unopened flower. 

Flowering PlantHy 10, 156. Flowerless PlantSy 10, 156. 
Fly-trap leaveSy 65. 

FluitanSy Latin for floating. FluviatUe, belonging to a river or stream. 
FoliaceouSy belonging to, or of the texture or nature of, a leaf (/"o/mm). 
Foliatey provided with leaves. Latin prefixes denote the number of leaves, as bifo- 

liatey trifoliate, &c. Foliose, leafy ; abounding in leaves. 
Foliolutej relating to or bearing leaflets (foliola) ; trifoHate, with three leaflets^ &c. 
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Folium (plural, /ojt'a), Latin for leaf. 

Foliide, a simple pod, opening down the inner suture, 122. 

Follicular^ resembling or belonging to a follicle. 

Food of PlarUs, 144. 

Foot-^talkf either petiole or peduncle, 49. 

Forametff a hole or orifice, as that ot the ovule, 110. 

Foraminost^ Foraminulose^ pierced with holes. 

Forked, branched in two or three or more. 

Fornicate, bearing fornices. 

Fornix, little arched scales in the throat of some corollas, as of Comfrej. 

Foveate, deeply pitted. Foveolate, diminutive oifovtaU, 

Free^ not united with any other parts of a different son, 95. 

Fringed^ the margin beset with slender appendages, bristle!>, &c. 

Fronds what answers to leaves in Ferns, &c., 157; or to the stem and leaves fu&ed 

into one, as in Liverwort. 
Frondesctfice, the bursting into leaf. 

Frondose^ frond-bearing; like a frond, or sometimes used for leafy. 
Fructijication, the state or result of fruiting. 
Fructus, Latin for fruit. 

Fruit, the matured ovary and all it contains or is connected with, 117. 
Fruit-dots in Ferns; see Soitis. 

Frustulose, con^isting of a chain of similar pieces, or Fnutules. 
Frutescent, somewhat shrubby ; becoming a shrub {Frutex), 39. 
Fruticulose, like a small shrub, or Funiculus, Fruticose, shrubby, 39. 
Fugadous, soon falling off or perishing. 
Fulcrate, having accessory organs or ftdcra, i. e. props. ^ 
Fulvous, tawny; dull yellow with gray. 
Fungiis, Fungi, 172. 

Funicle, Funii ulus, the stalk of a seed or ovule, 110. 
Funneljform, or funnelnthaped, expanding gradually upwards into an open mouth, 

like a funnel or tunnel, 90. 
Furcate, forked. 

Furfuraceous, covered with bran-like fine scurf. 
Furrowed, marked by longitudinal channels or grooves. 
Fuscous, deep gray-brown. 
Fusiform, spindle-shaped, 36. 

Galb(dus, the fleshy or at length woody cone of Juniper and Cypress. 

Galea, a helmet-shaped body, as the upper sepal of the Monkshood, 87. 

Galeaie, shaped like a helmet. 

Gamopetalous, of united petals, 89. 

Gamophyllous, formed of united leaves. Gamosepalous, formed of united sepals, 89. 

Geminate, twin; in pairs. 

Gemma, Latin for a bud. 

Gemmation, the state of budding; budding growth. 

Gemmule, a small bud; the plumule, 6. 

Genera^ plural of genus. 

Geniculate, bent abruptly, like a knee (genu), as many stems. 

Generic Names, 179. 

Genus, a kind of a rank above species, 177. 

Germ, a growing point; a young bud; sometimes the same as embryo, 127. 

Germen, the old name for ovary. 

Germination, the development of a plantlet from the seed, 12. 

Gerontogaous, inhabiting the Old World. 

Gibbous, more tumid at one place or on one side than the other 

Gilvous, dirty reddish-yellow. 

Glabrate, becoming glabrous with age, or almost glabrous. 

Glabrous, smooth, in the sense of having no -hairs, bristles, or other pubescenoe. 
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Gkuliate^ Bword-shapedi as the leaves of Iris. 

Glands, small cellular organs which secrete oily or aromatic or other products ; they 

are sometimes sunk in the leaves or rind, as in the Orange, Prickly Ash, &c. ; 

sometimes on the surface as small projections; sometimes raised on hairs or 

bristles {glandular hairsj cfc), as in the Sweetbrier and Sundew. The name is 

also given to any small swellings, &c., whether they secrete anything or not ; so 

that the word is looselv used. 
Glandular J GlandulutCj furnished with glands, or gland-Iike. 
Glans (Gland) f the acorn or mast of Oak and similar fruits. 
Glareose, growing in gravel. 
Glaucescent, slightly glaucous, or bluish-gray. 
Glaucous, covered with a bloom, viz. with a fine white powder of wax that rubs off, 

like that on a fresh plum, or a cabbage-leaf. 
Globose, spherical in form, or nearly so. Globular, nearly globose. 
Glochidiate, or Glockideous, (bristles) barbed; tipped with barbs, or with a double 

hooked point. 
Glomerate, closely aggregated into a dense cluster. 
Glomerule, a dense head-like cluster, 77. 

Glossology, the department of botany in which technical terms are explained. 
Glumaceous, glume-like, or glume- bearing. 
Glume ; Glumes are the husks or floral coverings of Grasses, or, particularly, the 

outer husks or bracts of each spikelet. 
Glumelles, the inner husks of Grasses. 
Gonophoi'e, a stipe below stamens, 113. 
Gossypine, cottony, flocculent. 
Gracilis, Latin for slender. 
Grain, see Caryopsis, 121. 
Gramineous, grass-like. 

Granular, composed of grains. Granule, a small grain. 
Graveolent, heavy-sceuted. 
Griseous, gray or bluish-gray. 
Growth, 129. 

Grumous, or Grumose, formed of coarse clustered grains. 
Guttate, spotted, as if by drops of something colored. 
Gymnos, Greek for naked, as 

Gymnocarpous, naked-fruited. Gymnospermous, naked-seeded, 109. 
Gymnospermous gyncsdum, 109. 
Gymnosperma, or Gymnospermous Plants, 183. 
Gynandrous, with stamens borne on, i. e. united with, the pistil, 99. 
Gynoecium, a name for the pistils of a flower taken altogether, 105. 
Gynobase, a depressed receptacle or support of the pistil or carpels, 114. 
Gynophore, a stalk raising a pistil above the stamens, 113. 
Gynostegium, a sheath around pistils, of whatever nature. 
Gynostemium, name of the column in Orchids, &c., consisting of style and stigma 

with stamens combined. 
Gyrate, coiled or moving circularly. 
Gyrose, strongly bent to and fro. 

Habit, the general aspect of a plant, or its mode of growth. 
Habitat, the situation or country in which a plant grows in a wild state. 
Hairs, hair-like growths on the surface of plants. 
Hairy, beset with hairs, especially longish ones. 
Halberd-shaped, see hastate, 53. 

Halved, when appearing as if one half of the body were cut away. 
Hamate, or Homose, hooked ; the end of a slender body bent round. 
Hamvlose, bearing a small hook; a diminutive of the last. 

Haplo-, in Greek compounds, single; as Haplostemonous, having only one series of 
stamens. 
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Hattaie^ or TTanile, shaped like a halberd; famished with a spreading lobe on eacb 

side at the base, 53. 
Head, capitulum, a form of inflorescence. 74. 
Ileart-ahaped, of the shape of a heart as painted on cards, 53. 
IJeart-wood, the older or matured wood of exogenous trees, 143. 
Ilelicoid, coiled like a helix or snail-shell, 77. 
Helmet, the upper sepal of Monkshood is so called. 
HeivolifUSf grayish-j'ellow. 

Hemi' in compounds from the Greek, half; e. g Hemisphericnl^ &c. 
Hemicarp, half-fruit, one carpel of an Umbelliferous plant, 121. 
HemitropouB (o\'nle or seed), nearly same as amphitropous, 123. 
Hepta- (in words of Greek origin), seven; as Heptagynous, with seven pistils or 

styles. Heptamerou:', its parts in sevens. Hiptandrous, having seven stamens 
Herb, plant not woody, at least above ground. 
Herbaceous, of the texture of an herb: not woody, 39. 
Herbarium, the botanist's arranged collection of dried plants, 186. 
Herborizatiun^ 184. 

Hermaphrodite (tluwer), having stamens and pistils in the same blossom, 81. 
Hesperidium, orange-fruit, a hard-rinded berry. 
Hetero-, in Greek compounds, means of two or more sort*, as 
Heterocarpous, bearing fruit of two kinds or shapes. 
Heterogamoiis, bearing two or more sorts of flowers in one cluster. 
Heterogony, Heterogone, or Heterogonous, with stamens and pistil reciprocally of 

two sorts, 116. Heterostyled is same. 
Heleromorphous, of two or more shapes. 
Heterophyllous, with two sorts of leaves. 
Heterotropous (ovule), the same as amphitropous, 123. 
Hexa- (in Greek compounds), six; as Hexagonal, six-angled. Hexagynous, with 

six pistils or styles. Hexamerous, its parts in sixes. Hexandrous^ with six 

stamens. Hexapterous, six-winged 
Hibemaculum, a winter bud. 
Hiemal, relating to winter. 
Hilar, belonging to the hilum. 

Hilum, the scar of the seed ; its place of attachment, 110, 126. 
Hippocrepiform, horseshoe-shaped. 
Hirsute, clothed with stifllish or beard-like hairs. 
Hirtellous, minutely hirsute. 

Hispid, bristly, beset with stiff hairs. Hispidulous, diminutive of hispia. 
Histology, 9. 

Hoary, grayish-white ; see canescent, &c. 
Holosericeous, all over sericeous or silky. 
Homo-, in Greek compound**, all alike or of one sort. 
Homodromous, running in one direction. 
Homogamous, a head or cluster with flowers all of one kind. 
Homogeneous, uniform in nature; all of one kind. 
Homogone, or Homogonous, counterpart of Heterogone or Homoftyled, 
Homologous, of same type; thus petals and sepals are the homologues of leaves. 
Homomallous (leaves, &c.), originating all round an axis, but all bent or curved 

to one side. 
Homorphims, all of one shape. 

Hom^tropous (embryo), curved with the seed ; curved only one way. 
Hood, same as helmet or galea. Hooded, hood-shaped; see cucullate. 
Hooked, same as hamate. 

Horn, a spur or some similar appendage. Horny, of the texture of horn. 
Hortensis, pertaining to the garden. 

Hortus Siccus, an herbarium, or collection of dried plants, 201. 
Humifuse, Humistrate, spread over the surface of the ground- 
Humilis, low in stature. 
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Myaline, transparent, or partly lo. 

Hybrid^ a croBs-breed between two allied tpecies, 176. 

Sydropht/teSy water-plants. 

ffyemal, see hiemal. 

ffymenium of a Mushroom, 172. 

Hypanthiumy a hollow flower- receptacle, sach as that of Rose. 

Hypo-, Greek prefix for under, or underneath. 

Hypocotyhj or Hypocotyly part of stem below the cotyledons, 11. 

Hypocrateriformy properly ffypocraterimorphouSy salver-shaped. 

HypogoMn, or HypogcBous, produced under ground, 19. 

ffypogynouSy inserted under the pistil, 95, 99. 

ffysterarUkouSj with the blossoms developed earlier than the leaves. 

IcosandrouSy having 20 (or 12 or more) stamens inserted on the calyx. 

ImberbiSf Latin for beardless. 

Imbricate, Imbricated^ Imbricativey overlapping one another, like tiles or shingles 

on a roof, as the bud-scales of Horse-chestnut and Hickory, 27. In estivation, 

where some leaves of the calyx or corolla are overlapped on both sides by 

others, 98. 
Immarginate, destitute of a rim or border. 
Immersedf growing wholly under water. 
Impari-pinnate, pinnate with a single leaflet at the apex, 57. 
Imperfect flawert, wanting either stamens or pihtils, 85. 
Incequilateralj unequal-sided, as the leaf of a Begonia. 
Inane, empty, sJid of an anther which produces no pollen, &c. 
Inappendiculate, not appendaged. 

IncanouSy Inconescent, hoary with soft white pubescence. 
Incarnate, flesh-colored. 
Jndsed, cut rather deeply and irregularly, 58. 

Incliidedy enclosed; when the part in question does not project beyond another. 
Incomplete Flower, wanting calyx or corolla, 86. 
Incrassated, thickened. 

Incubous, with tip of one leaf lying flat over the base of the next above. 
Incumbent, leaning or resting upon ; the cotyledons are incumbent when the back of 

one of them lies against the radicle, 128; the anthers are incumbent when 

turned or looking inwards. 
Incurved, gradually curving inwards. 

Indefinite, not uniform in number, or too numerous to mention (over 12). 
Indefinite or Indeterminate Injlorescence, 72. 
Indekiscent, not splitting open ; i. e- not dehiscent, 119. 
Indigenous, native to the country. 
Individuals, 175. 

Indumentum, any hairj' coating or pubescence. 
Induplicate, with the edges turned inwards, 97. 
Induviate, clothed with old and withered parts or induvias. 
Indusium, the shield or covering of a fruit-dot of a Fern, 159. 
Inermis, Latin for unarmed, not prickly. 
Inferior, growing below some other organ, 96. 
Infertile, not producing seed, or pollen, as the case may be. 
Inflated, turgid and bladdery. 
Jnflexed, bent inwards. 

Inflorescence, the arrangement of flowers on the stem, 72. 
Infra-axillary, situated beneath the axil. 
InfundibuHform or Infundibular^ funnel-shaped, 90. 

Innate (anther), attached by its base to the very apex of the filament, 101. 
Innovation, a young shoot, or new growth. 

Insertion, the place or the mode of attachment of an orean to its support, 95, 99. - 
Integer, entire, not lobed. Integerrimus, quite entire, not serrate. 

14 
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Intercellular Passages or Spnces, 131, 148. 

Jnterfuliaceotis, between the leaves of a pair or whorl. 

JrUemodey the part of a stem between two nodes, 13. 

Jnterpetiolarj between petioles. 

Interruptedly pinnate^ pinnate with small leaflets intermixed with larger. 

Intine, inner coat of a pollen grain. 

Intrafoliaceous (stipules, &c.), placed between the leaf or petiole and the stem. 

Introrsej turned or facing inwards ; i. e. towards the axis of the flower, 101. 

Intruse^ as it were pushed inwards. 

Inversed or Inverted^ where the apex is in the direction opposite to that of the oi^an 
it is compared with. 

Involucelf a partial or small involucre, 76. 

InvduceUatef furnished with an involucel. Involucrate, furnished with an involucre. 

Involucre, a whorl or set of bracts around a flower, umbel, or head, &c.y 74, 75. 

Involute, in vernation, 72; rolled inwards from the edges, 97. 

Irregular Flowers, 86, 91. 

Isos, Greek for equal in number. Isomerous, the name number in the suocessive cir- 
cles or sets. IsostemonouSj the stamens equal in number to the sepals or petals. 

Jointed, separate or separable at one or more places into pieces, 64, &c. 

Jugun (plural Juga), Latin for a pair, as of leaflets, — thus Unijugaie^ of a single 

pair ; Bijugate, of two pairs, &c. 
Julnceus, like a catkin or Julus. 

Keel, a projecting ridge on a surface, like the keel of a boat ; the two anterior 

petals of a papilionaceous corolla, 92. 
Keeled, furnished with a keel or sharp longitudinal ridge. 
Kermesine, Carmine-red. 
Kernel of the ovule and seed, 110. 
Key, or Key-fruit, a Samara, 122. 
Kidney-shaped, resembling the outline of a kidney, 53. 

Labellum, the odd petal in the Orchis Family. 
Labiate, same as bilabiate or two-lipped, 92. 
Labiatijlorous, having flowers with bilabiate corolla. 
Labium (plural, Labia), Latin for lip. 
Lacerate, with margin appearing as if torn. 
Laciniate, slashed; cut into deep narrow lobes or LacinicB. 
Lactescent, producing milk}'^ juice, as does the Milkweed, &c. 
Lacteus, Latin for milk-white. 
Lacunose, full of holes or gaps. 
Lacustrine, belonging to lakes. 

Loivigate, smooth as if polished. Latin, Lasvis, smooth, as opposed to rough. 
Lageniform, gourd-shaped. 

Lagopous, Latin, hare-footed ; densely clothed with long soft hairs. 
Lamellar or Lamellate, consisting of flat plates, Lamellcs, 
Lamina, a plate or blade, the blade of a leaf, &c., 49. 
Lanate, Lanose, woolly; clothed with long and soft entangled hairs. 
• Lanceolate, lance-shaped, 52. 
Lanuginous, cottony or woolly. 
Latent buds, concealed or undeveloped buds, 30. 
Lateral, belonging to the side. 
Jjatex, the milky juice, &c., of plants, 135. 

Lax (Laxus), loose in texture, or sparse; the opposite of crowded. 
Leaf, 49. Leaf -buds, 31. 

Leaflet, one of the divisions or blades of a compound leaf, 57. 
Leaf -like, same an foliaceous. 
Leather y, of about the consistence of leather ; coriaceous. 
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Legume^ a simple pod wbich dehisces in two pieces, like that of the Pea, 122. 

LtgumiwmSf belonging to legumeji, or to the Leguminous Family. 

Lenticular f lensHshaped; i. e. tiatiish and convex on both sides. 

Lappaceout, bur-l.ke. 

lAuiOf Greek for woolly or hairy, as iMtianihut, woolly-flowered. 

LateritiouSj brick-colored. 

Laticiferotu, containing latex, 138. 

Latus^ Latin for broad, as LatifoUut, broad-leaved. 

Leaf -scar ^ Leaf stalky petiole. 

LenticelSf lenticular dots on young bark. 

Lentiginoses as if freckled. 

Lepalj a made-up word for a staminode. 

Lepis, Greek for a scale, whence Lejndotef leprous; covered with scurfy scales. 

LeptoSf Greek for slendi^r; f>o Leptophyllous^ slender-leaved. 

Leukos, Greek for white; whence Leucanthous, white-flowered, &c. 

Liber, the inner bark of Exogenous stems, 140. 

Lid^ see operculum, 

LigneouSj or Lignose, woody in texture. 

Ligulnttf furnished with a ligule, 93. 

Liguk, Ligula, the strap-shaped corolla In many Compositte, 93; the membranous 
appendage at the summit of the leaf-sheaths of most Grasses, 57. 

Limbj the border of a corolla, &c., 89. 

Limbatey bordered (Latin, Limbus^ a border). 

Line, the twelfth of an inch ; or French lines, the tenth. 

Linear, narrow and flat, the margins parallel, 52. 

Lineate, marked with parallel lines. Lineolate, marked with minute lines. 

Lingulate, Linguiform, tongue-shaped. 

Lip, the principal lobes of a bilabiate corolla or calyx, 92. 

Litoral or Littoral, belonging to the shore. 

Livid, pale lead-colored. 

Lobe, any projection or division (especially a rounded one) of a leaf, &c. 

Lobtd or Lobate^ cut into lobes, 55, 5G; Lobulatr, into small lobes. 

Locellate, having Locelli, i. e. compartments in a cell : thus an anther-cell is often 
bilocellate, 

Loculament, same as loculus, 

Locular, relating to the cell or compartment (Loculus) of an ovarj', &c. 

Loculicidal (dehiscence), splitting down through the back of each cell, 123. 

Locusta, a name for the spikelet of Gnisses. 

Lodicule, one of the scales answering to perianth-leaves in Grass-flowers. 

Loment, a pod which separates trnnsveryely into joints, 122. 

Lomentaceous, pertaining to or resembling a loment. 

Lorate, thong-shaped. 

Lunate, crescent-shaped. Lunulate, diminutive of lunate. 

Lupidine, like hops. 

Lusus, Latin for a sport or abnormal variation. 

Lutedus, yellowish; diminutive of 

Luteus^ Latin for yellow. Lutescent, verging to yellow, 

Lyrate, lyre-shaped; a pinnatifld leaf of an obovate or spatulate outline, the end- 
lobe large and roundish, and the lower lobes small, as in tig. 149. 

Macros^ Greek for long, sometimes also used for large ; thus Macrophylhus, long- 

or large-leaved, &c. 
Macrospoj'e, the large kind of spore, when there are two kinds, 160, 161. 
Maculate, spotted or blotched. 

Male (flowers or plants), having stamens but no pistiL 
Mammose^ breast-shaped. 
Marcescent, withering without falling off. 
Marginal, belonging to margin. 
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MarginatCf mar^ned with an edge different from the rest. 

Marginicidal dehiscence^ 123. 

Maritimty belonging to sea-coasts. 

Marmorate^ marbled. 

Mai.f AtasCj Masculine^ male. 

Masked, see personate. 

Mealy, nee farinaceous. 

Median, Medial, bekuiging to the middle. 

Medijixed, attached bj' the middle. 

Medullary y belonging to or of the nature of, pith {Medulla)', pithy. 

Medullary Rays, the silver-grain of wood, 140, 141. 

Medullary Sheath, a set of ducts just around the pith, 140. 

Meiostemonous, having fewer stamens than petals. 

Membranaceous or Membranous, of the texture of membrane; thin and soft. 

Meniscoid, crescent-!*haped. 

Mencarp, one carpel of the fruit of an Umbelliferous plant, 121. 

Merismatic, separating into parts by the formation of partitions across. 

Mtrous, from the Greek for part; used with numeral prefix to denote the number «»f 
pieces in a set or circle: as Monomerous, of only one, Dimerous, with two. Tri- 
merous, with three parts (sepals, petals, stamens, &c.) in each circle. 

Mesocarp, the middle part of a pericarp, when that is distinguishable Into three 
layers, 120. 

Mesophlceum, the middle or green bark. 

Micropyle, the closed orifice of the 8»'ed, 110, 126. 

Microspore, the smaller kind of spore when there are two kinds, 161. 

Midrib, the middle or main rib of a leaf, 50. 

Milk-vessels, 138. 

Miniate, vermilion-colored. 

Mitriform^ mitre-shaped: in the form of a peaked cap, or one cleft at the top. 

Moniliform, necklace-shaped; a cylindrical body contracted at intervals. 

Mtmocarpic (duration), flowering and seeding but once, 38. 

Monochlamydeous, having only one floral envelope. 

Monocotyledonous (embryo), with only one cotyledon, 24. 

Monocofyledonous Plants, 24. Monocotyls, 24. 

Monoecious, or Monoicous (flower), having stamens r r pistils only, 85. 

Monogynous (flower), having only one pistil, or one style, 105. 

Monopetahms (flower), with the corolla of one piece, 89. 

Monophyllous, one-leaved, or of one piece. 

Monos^ Greek for solitary or only one; thus Monndelphous, stamens united by their 
filaments into one set, 99 ; Monandrous (flower), having only one stamen, 100. 

Monosepalous, a calyx of one piece; i. e. with the sepals united into one body. 

Monospermous, one-seeded. 

Monstrosity, an unnatural deviation from the usual structure or form. 

Morphology, Morphologicil Botany, 9; the department of botany which treats of 
the forms which an organ may assume. 

Moschate, Musk-like in odor. 

Movements, 149. 

Mucronate, tipped with an abrupt short point (Mucro)^ 54. 

Mucronulate, tipped with a minute abrupt point; a diminutive of the last. 

Multi-, in composition, many; as Multangular, many-angled; Mtdticipital, many- 
headed, &c. ; Multifarious, in many rows or ranks; Multifid, many-deft; Mul- 
tilocular, many-celled; Multiserial, in many rows. 

Multiple Fruits, 118, 124. 

Muricate, beset with short and hard or prickly points. 

Mwrifoi-m, wall-like; resembling courses of bricks in a wall. 

Muticous, pointless, blunt, unarmed. 

Mycelium, the spawn of Fungi; i. e. the filaments from which Mushrooms, &c., 
originate, 172. 



GLOSSARY AND INDEX. 213 

Nahedy wanting some usual covering) as achIam)rdeous flowerB, 86, gymnospermouB 
seeds, 109, 125, &c. 

Names in botanj, 179. 

Nanus, Latin for dwarf. 

Napifomij turnip-shaped, 36. 

Natural System, 182. 

Naturalized, introduced from a foreign country, and flourishing wild. 

Navicular, boat-shaped, like the glumes of most Grasses. 

Necklcuie-shaped, looking like a string of beads; see monilijbrm. 

Nectar, the sweet secretion in flowers from which bees make honey, &c. 

Nectariferous, honey-bearing; or having a nectary. 

' Nectary, the old name for petals and other parts of the flower when of unusual 
shape, especially when hone3'-bearinf2;. So the hollow spur-shaped petals of 
Columbine were called nectaries; also the curious long-clawed petals of Monks- 
hood, 87, &c. 

Needle-shaped, long, slender, and rigid, like the leaves of Pines. 

Nemorose or Nemoral, inhabiting groves. 

Nerve, a name for the ribs or veins of leaves when simple and parallel, 50. 

Nerved, furnished with nerves, or simple and parallel ribs or veins, 60. 

Nervose, conspicuously nerved. Nervulose, minutely nervose. 

Netted-veined, furnished with branching veins forming network, 60, 61 

Neuter, Neutral, sexless. Neutral Jlower, 79. 

Niger, Latin for black. Nigricans, Latin for verging to black. 

Nitid, shining. 

Nival, living in or near snow. Niveus, snow-white- 

Nodding, bending so that the summit hangs downward* 

Node, a knot; the *' joints " of a stem, or the part whence a leaf or a pair of leaves 
springs, 13. 

Nodose, knotty or knobby. Nodulose, furnished with little knobs or knots. 

Nomenclature, 175, 179. 

Normal, according to rule, natural. 

Notate, marked with spots or lines of a different color. 

Nucamentaceous, relating to or resembling a small nut. 

Nudform, nut-shaped or nut-like. 

Nucleus, the kernel of an ovule (110) or seed (127) of a cell. 

Nucule, same as nutlet. 

Nude, (Latin, Nudus), naked. So Nudicaulis, naked-stemmed, &c. 

Nut, Latin Nux, a hard, mostly one-seeded indehiscent fruit; as a chestnut, butter- 
nut, acorn, 121. 

Nutant, nodding. 

Nutlet, a little nut; or the stone of a drupe. 

Ob- (meaning over against), when prefixed to words signifies inversion; as, Ob- 
compressed, flattened the opposite of the usual way ; Obcordate, heart-shaped, 
with the broad and notched end at the apex instead of the base, 54; Oblance- 
olate, lance-shaped with the tapering point downwards, 52. 

Oblique, applied to leaves, &c., means unequal-sided. 

Oblong, from two to four times as long as broad, 52. 

Obovate, inversely ovate, the broad end upward, 53. Obovoid, solid obovate. 

Obtuse, blunt or round at the end, 54. 

Obverse, same as inverse. 

Obvolute (in the bud), when the margins of one piece or leaf alternately overlap 
those oi the opposite one. 

Ocellate, with a circular colored patch, like an eye. 

Ockroleucous, yellowish-white ; dull cream-cobr. 

Ocreate, furnished with Ocreoi (boots), or stipules in the form of sheaths, 57. 

Octo-, Latin for eight, enters into the composition of Octagynous, with eight pistils 
or styles; Octamerous, its parts in eights; Octandrous, with eight stamens, &c. 
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OculaU, with eye-shaped marking. 

Officinaly used in medicine, therefore kept in the shops. 

Offset, short branches next the ground which take root, 40. 

Oidtt, termination, from the Greek, to denote likeness; so Dianthoides, Pink-like. 

Oleraceow, esculent, as a pot-herb. 

OUgoSf Greek for few; thus Oliganthous, few-flowered, &c. 

OlivaceoiUj olive-green. 

Oophortdiunif a name for 3pore-case containing macrospores. 

Opaque, applied to a surface, means dull, not shining. 

Operculate, furnished with a lid {Operculum), as the spore-case of Mosses, 163. 

Opposite, said of leaves and branches when on opposite sides of the stem from each 

other (i. e. in pairs), 29, 68. Stamens are opposite the petals, &c., when they 

stand before them. 
Oppotitifolius, situated opposite a leaf. 
Orbicular, Orbiculate, circular in outline, or nearly so, 52. 
Order, group below class, 178. Ordinal names, 180. 
Organ, any member of the plant, as a leaf, a stamen, &c. 
Organography, study of organs, 9. Organogenesis, that of the development of 

organs. 
Orgy alts, of the height of a man. 
Orthos, Greek for straight; thus, Orthocarpous, with straight fruit; OrthostichouSf 

straight-ranked. 
Orthotropous (ovule or seed). 111. 
Osseous, of a bony texture. 

Outgrowths, growths from the surface of a leaf, petal, &c. 
Oval, broadly elliptical, 52. 

Ovary, that part of the pistil containing the ovules or future seeds, 14, 80, 105. 
Ovate, shaped like an egg, witli the broader end downwards; or, in plain surfaces, 

such as leaves, like the section of an egg lengthwise, 52. 
Ovoid, ovate or oval in a solid form. 

Ovule, the body which is destined to become a seed, 14, 80, 105, 110. 
Ovuliferous, ovule-bearing. 

Palate, a projection of the lower lip of a labiate corolla into the throat, as in Snap- 
dragon, &c. 

Falea {y\uiA\paleai), chaff; the inner husks of Grasses; the chaff or bracts on the 
receptacle of many CompositaB, as Coreopsis, and Sunflower. 

Paleaceous, furnished with chaff, or chaffy in texture. 

Paleolate, having Paleolce or paleaj of a second order, or narrow palese. 

Palet, English terra for palea. 

Palmate, when leaflets or the divisions of a leaf all spread from the apex of the 
petiole, like the hand with the outspread Angers, 57, 58. 

Palmately (veined, lobed, &c.), in a palmate manner, 51, 56. 

Palmntifid, -lobed, sect, palmately cleft, or lobed, or divided. 

Paludose, inhabiting marshes. Palustnne, same. 

Panduriform, or Pandurate, flddle-shaped (which see). 

Panicle, an open and branched cluster, 81. 

Panicled, Paniculate, arranged in panicles, or like a panicle. 

Pannose, covered with a felt of woolly hairs. 

Papery, of about the consistence of letter-paper. 

Papilionnceous, butterfly-shaped ; applied to such a corolla as that of the Pea, 91. 

Papilla (plural pnpillce), little nipple-shaped protuberances. 

Papillate, Papillose, covered with papillae. 

Pappus, thistle-down. The down crowning the achenium of the Thistle, Groundsel, 
&c., and whatever in Compositae answers to calyx, whether hairs, teeth, or 
scales, 121. 

Papyraceous, like parchment in texture. 

Parallel-veined or nerved (leaves), 50. 
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ParaphyseSf jointed filaments mixed with the antheridia of MoeMs. 

Parasitic^ living as a parasite, i. e. on another plant or animal, 37. 

Parenchemytuua, composed of parenchyma. 

Parenchyma, soft cellular tissue of plants, like the green palp of leaves, 132. 

Parietal (placentse, &c.)t attached to the walls (parities) of the ovary. 

Paripinnate, pinnate with an even number of leaflets. 

Parted, separated or cleft into parts almost to the base, 55. 

Parthenogenesis, producing seed without fertilization. 

Partial involucre, same as an involucel; partial petiole, a division of a main leaf- 
stalk or the stalk of a leaflet; partial peduncle, a branch of a pedancle; par^ 
tial umbel, an umbellet, 76. 

Partition, a segment of & parted leaf; or an internal wall in an ovary, anther, &c. 

Patelliform, disk-shaped, like thepntella or kneeoan. 

Patent, spreading, open. Patulous, moderately spreading. 

Paud^ in composition, few; aa paucijlorous, few-flowered, &c. 

Pear-shaped, solid obovate, the shape of a pear. 

Pectinate, pinnatifid or pLnnately divided into narrow and close divisions, like the 
teeth of a comb. 

Pedate, like a bird's foot ; palmate or palmately cleft, with the side divisions again 
cleft, as in Viola pedata, &c. 

Pedicel, the stalk of each particular flower of a cluster, 73. 

Pedicellate, Pedicelled, borne on a pedicel. 

Pedalis, Latin for a foot high or long. 

Peduncle, a flower^talk, whether of a single flower or of a flower-cluster, 73. 

Peduncled, Pedunculate, furnished with a peduncle. 

Ptloria, an abnormal return to regularity and symmetry in an irregular flower; com- 
monest in Snapdragon. 

Peltate, shield-shaped; said of a leaf, whatever its shape, when the petiole is aty 
tached to the lower side, somewhere within the margin, 53. 

Pelmform, basin-shaped. 

Pendent, hanging. Pendulous, somewhat hanging or drooping. 

PeniciUate, Penidlliform, tipped with a tuft of fine hairs, like a painter's pencil; as 
the stigmas of some Grasses. 

Pennate, same as pinnate. Penninerved and Penniveined, pinnately veined, 51 . 

Penta- {In words of Greek composition), five; bls Pentode Ipkous, 99; Pentagynous, 
with five pistils or styles; Pentainerous, witb its parts in fives, or on the plan of 
five; Pentandrous, having five stamens, 112; Ptntastichotu, in five ranks, &c. 

Pepo, a fruit like the Melon and Cucumber, 119. 

Perennial, lasting from year to year, 38. 

Perfect (flower), having both stamens and pistils, 81. 

Perjbliaie, passing through the leaf, in appearance, 60. 

Perforate, pierced with holes, or with transparent dots resembling holes, as an 
Orange-leaf. 

Peri-, Greek for around ; from which are such terms as 

Perianth, the leaves of the flower collectively, 79. 

Pericarp, the ripened ovary; the walls of the fruit, 117. 

Pericarpic, belonging to the pericarp. 

Perigonium, Peri gone, same a<* perianth, 

Perigynium, bodies around the pistil; applied to the closed cup or bottle-shaped 
body (of bracts) which encloses the ovary of Sedges, and to the bristles, little 
scales, &c., of the flowers of some other Cyperaceae. 

Perigynous, the petals and stamens borne on the calyx, 95, 99. 

Peripheric, around the outside, or periphery, of any organ. 

Perisperm, a name for the albumen of a seed. 

Peristome, the fringe of teeth to the spore-case of Mosses, 163. 

Persistent, remaining bej'^ond the period when such parts commonly fall, as tb^ 
leaves of evergreens, and the calyx of such flowers as persist during the growth 
of the fruit. 
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Personate, masked; a bilabiate corolla with a palate in the throat, 92. 

Perttue, perforated with a hole or slit. 

PendatSf having scales {PerulcB)^ such as bad-scales. 

Petf pedis, Latin for the foot or support, whence Longipes, long-stalked, &c. 

Petal, a leaf of the corolla, 14, 79. 

Petalody, metamorphosis of stamens, &c., into petals. 

PetaJaidy Petaline, petal-like; resembling or colored like petals. 

Petiole f a footstalk of a leaf; a leaf stalk, 49. 

Petiftledj Petiolate, furnished with a petiole. 

Petiolulate, said of a leaflet when raised on its own partial lea&talk. 

PetrcBuSj Latin for growing on rocks. 

Phalanx, phalanges, bundles of stamens. 

PhoinogamofMf or Phanerogamous^ plants bearing flowers and producing seeds; 

same as Flowering Plants. Phanogams, Phanerogams, 10. 
Phloeum, Greek name for bark, whence Endophlasum, inner bark, &c. 
Phctniceous, deep red verging to scarlet. 
Phycology, the botany of Algae. 

Phyllocladia, branches assuming the form and function of leaves. 
Phyllodium (plural, phyllodia), a leaf where the seeming blade is a dilated petiole, 

as in New Holland Acacias, 61. 
Phyllome^ foliar parts, those answering to leaves in their nature. 
Phyllon {^\\xvsX, phylla), Greek for leaf and leaves; used in many compound term J 

and names. 
Phyllotaxis, or Phyllotaxy, the arrangement of leaves on the stem, 67. 
Physiological Botany, 9. 

Phytogi'aphy, relates to characterizing and describing plants. 
Phyton, or Phytomer, a name used to designate the pieces which by their repetition 

make up a plant, theoretically, viz. a joint of stem with its leaf or pair of leaves. 
Pileus of a mushroom, 172. 

Piliferous, bearing a slender bristle or hair (pilum), or beset with hairs. 
Pilose, hairy; clothed with soft slender hairs. 

Pinna^ a primary division with its leaflets of a bipinnate or tripinnate leaf. 
Pinnule, a secondary division of a bipinnate or tripinnate leaf, 66. 
Pinnate (leaf), when leaflets are arranged along the sides of a common petiole, 57. 
Pinnafely lobed, clef I, parted, divided, reined, 56. 

Pinnatijid, Pinnatisect, same as pinnately clelt and pinnately parted, 56. 
Pisiform, pea-shaped. 

Pistil, the seed-bearing organ of the flower, 14, 80, 105. 
Pistillate, having a pistil, 85. 

Pistillidium, the body which in Mosses answers to the pistil, 159, 164. 
Pitchers, 64. 

Pith, the cellular centre of an exogenous stem, 138. 

Placenta, the surface or part of the ovary to whl*,h the ovules are attached, 107. 
Placentiform, nearly same as quoit-shaped. 
Plaited (in the bud)', or Plicate, folded, 72, 98. 

Platy-, Greek for broad, in compounds, such as Platyphyllous, broad-leaved, &c. 
Pleio', Greek for full or abounding, used in compounds, such as Pleiopetalous, of 

many petals, &c. 
Plumbeus, lead-colored. 
Plumose, feathery; when any slender body (such as a bristle of a X)appu8 or a style) 

is beset with hairs along its sides, like the plume of a feather. 
Plumule, the bud or first shoot of a germinating plantlet above the cotyledons, 13 
Pluri; in composition, many or several ; as Plurifoliolate, with several leaflets. 
Pod^ specially a legume, 122; also may be applied to any sort of capsule. 
Podium, a footstalk or stipe, used only in Greek compounds, as (nufflxed) LepUh 

podus, slender-stalked, or (prefixed) Podocephalus, with a stalked head, and 

in Podosperm, a seed stalk or funiculus. 
Pogon, Greek for beard, comes into various compounds. 
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Pointlen, desHtate of any pointed tip, sacb as a mueroy atim, aemninoHonf &e. 

Pollen, the fertilizing powder contained in the anther, 14, 80, 103. 

PoUen-growih^ 117. PoUeniferouSf pollen-bearing. 

PoUen-fnaaty PolUnium, the united mass of pollen, 104, as in Milkweed and Orchis. 

PoUicariSf Latin for an itich long. 

PotlinaHon, the applicarion of pollen to the stigma, 114. 

Poly-j in compound words of Greek origin, same as mvltl- in those of Latin origin, 

viz. many, as 
PolyadelphotUy stamens united by their filaments into several bundles, 100. 
PolyandrouB, with numerous stamens (inserted on the receptacle), 100. 
PolycarpiCf term used by DeCandolle in the sense of perennial. 
Polycotyledonouty having many (more than two) cotyledons, as Pines, 23. 
Polyf/amoutj having some perfect and some unisexual flowers, 85. 
Polygonal, many-angled. 
Polygynwu, with many pistils or styles, 106. 
Polymerout, formed of many parts of each set. 
Polymorphous, of several or varying forms. 

Polypetalous, when the petals are distinct or separate (whether few or many), 89. 
Polyphyllout, many-leaved ; vormed of several distinct pieces. 
Polysepalout, same as the last when applied to the calyx, 89. 
Polyspennout, many-seeded. 

Pame^ the apple, pear, and similar fleshy fruits, 119. 
Pomiferotu, pome-bearing. 
Porrect, outstretched. 

Posterior side or portion of a flower (when axilliry) is that toward the axis, 96. 
Pouch, the silicle or short pod, as of Shepher«**8 Purse, 123. 
PrcBCocious (Ijaiin, prcs&ix), unusually early m development. 
Prmjlorathn, same as cesthation, 97. 
PrasfoUation, same as vernation, 71. 
Prasmorse, ending abruptly, as if bitten ofiF. 
Protends, Latin for growing in meadows. 

Prickles, sharp elevations of the bark, coming ofif with it, as of the Rosa. 
Prickly, bearing prickles, or sharp projections like them. 
Primine, the outer coat of the covering of the ovule, 110. 
Primordial, earliest formed ; primordial leaves are the first after the cot3iedons. 
Prismatic, prism-shaped; having three or more angles bounding flat sides. 
Procerous, tall, or tall and slim. 

Process, any projection from the surface or edge of a body. 
Procumbent, trailing on the ground, 39. 
Procurrent, running through but not projecting. 
Produced, extended or projecting; the upper sepal of a Larkspur is produced above 

into a spur, 87. 
Proliferous (literally, bearing offspring), wh re a new branch rises from an older 

one, or one head or cluster of flowers out of another. 
Prapaculum or Pmpagulum, a shoot for propagation. 
Prosenchyma, a tissue of wood-cells. 
Prostrate, lying flat on the ground, 39. 
Protandrous or Proterandrous, the anthers flrst maturing, 116. 
Proteranthous, flowering before leaflng. 

Proterogynous or Protogynous, the stigmas first to mature, 116. 
ProthaUium or Prothallus, 160. 

Protoplasm, the soft nitrogenous lining or contents, or living part, of cells, 129. 
Protos, Greek for first; in various compounds. 
Pruinose, Pruinate, frosted; covered with a powder like hoar-frost. 
Pseudo-, Greek for false. Pseudo-bulb,, the aerial corms of epiphytic Orchids, &c. 
Psilos, Greek for bare or naked, used in many compounds. 
Pteridophyta, Pteridophytes, 156. 
Pttris, Greek for wing, and general name for Fern, enters into many compounds. 
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PuberuUfUf covered with fine and short or almost imperceptible down. 

Pubeacent, hairy or downy, especially with fine and soft hairs or pubescence. 

Pulverulent or Putverctceous^ as if dusted with fine powder. 

PvivifMte, cushioned, or shaped like a cushion. 

Pumilutf low or little. 

Punctate^ dotted, either with minute holes or what look as such. 

IhtytcUculate, minutely punctate. 

ISingent, prickly-tipped. 

PimiceouB, carmine-red. 

Purpureus^ originally red or crimson, more used for duller or bluish-red. 

PuaUtuSf weak and small, tiny. 

Futament the stone of a drupe, or the shell of a nut, 120. 

PyymcBuSf I^tin for dwarf. 

Pyramidal^ shaped like a pyramid. 

PifrenCf Pyrena, a seed-like nutlet or stone of a small drupe. 

Pyriform, pear-shaped. 

Pyxidaie, furnished with a lid. 

^*fxit, Pyxidium, a pod opening round horizontally by a lid, 124. 

0»«oH-, in words of Latin origin, four; as Quadrangular^ four-angled; Qutadrf' 
foliate^ four-leaved; QiMidrifidf four-cleft. Quat&inate in fours. 

Q^inate, in fives. Quii^e^ five. 

Qiincancial, in a quincunx ; when the parts in aestivation are five, two of them 
outside, two inside, and one half out and half in. 

K'^intuphy five-fold. 

Hacey a marked variety which may be perpetuated from seed, 178. 

ICaceme^ a fiower-cluster, with one-fiowered pedicels arranged along the sides of a 
general peduncle, 73. 

Aacemose, bearing racemes, or raceme-like. 

JiachiSy see rhachis, 

JUadialf belonging to the ray. 

Radiate, or Radiant^ furnished with ray-flowers, 94. 

Radiate-veined^ 52. 

Radical, belonging to the root, or apparently coming from the root. 

Radicant, rooting, taking root on or above the ground. 

RadicelSf little roots or rootlets. 

Radicle, the stem part of the embryo, the lower end of which forms the root, 11, 127- 

Rameal, belonging to a branch. Ramose, full of branches (rami). 

Ramentaceous, beset with thin chaffy scales {Ramenta), as the stalks of many Ferns. 

Randficatum^ branching, 27. 

Ramulose, full of branchlets (ramuli). 

Raphe, see rhnphe, 

Ray, parts diverging from a centre, the marginal flowers of a head (as of Coreopsis, 
94), or cluster, as of Hydrangea (78), when different from the rest, especially 
when ligulate and diverging (Uke rays or sunbeams); also the branches of an 
umbel, 74. 

Ray-flowers, 94. 

Receptacle, the axis or support of a flower, 81, 112; also the common axis or sup- 
port of a head of flowers, 73. 

Reclined, turned or curved downwards; nearly recumbent. 

Rectvnerved, with straight nerves or veins. 

Recurved, curved outwards or backwards. 

Reduplicate (in {estivation), valvate with the margins turned outwards^ 97. 

Reflexed, bent outwards or backwards. 

Refracted, bent suddenly, so as to appear broken at the bend. 

Regular, all the parts similar in shape, 82. 

Reniform, kidney-shaped, 53. 
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Repand, wavy-margined, 55. 

Repent, creepiDg, i. e. prostrate and rooting underneath. 

Repluntf the frame of some pods (as of Prickly Poppj and Cress), persistent after 

the valves fall away. 
Beptantj same as repent. 

Rempinate, inverted, or appearing as if npside down, or revernd. 
Reticulated f the veins fonning network, 50. Retiform, in network* 
Retinervedf reticulate-veined. 
Retroflexed, bent backwards; same as reflexed, 
Retuse, blunted; the apex not only obtuse but somewhat indented, 54. 
Revolute, rolled backwards, as the margins of many leaves, 72. 
Rhachit (the backbone), the axis of a spike or other bodj", 73. 
Rhaphe, the continuation of the seed-stalk along the side of an anatropous ovule or 

seed, 112, 126. 
Rhaphidetf crystals, especially needle-shaped ones, in the tissues of plants, 137. 
RhizanthauSy flowering from the root. 
Rhizoma, Rhizome^ a rootstock, 42-44. 

Rhombic, in the shape of a rhomb. Rhomboidal, approaching that shape. 
Ribj the principal piece, or one of the principal pieces of the framework of a leaf, 

or any similar elevated line along a body, 49, 50. 
Rimou, having chinks or cracks. 
Rinfff an elastic band on the spore-cases of Ferns, 159. 
Ringent, grinning ; gaping open, 92. 
Ripariofu, on river-banks. 

Rivalis^ Latin for growing along brooks; or Rivulans, in ri^iilets. 
Root, 33. 
Root-hairt, 35. 

Rootlets, small roots, or root-branches, 33. 

Rootstock, root-like trunks or portions of stems on or under ground, 4S. 
Roridut, dewy. 

Rosacfout, arranged like the petals of a rose. 
Rosiellnte, bearing a small beak (Rostellum). 
Rostrate, bearing a beak (Rftstrum) or a prolonged appendage. 
Rosulate, in a ropette or cluster of spreading leaves. 
Rotate, wheel-shaped, 89. 
Rotund, rounded or roundish in outline. 

Ruber, Latin for red in general. Rubescent, Rubicund, reddish or blushing. 
Rudimentary^ imperfectly developed, or in an early state of development 
Rufous, Rufescent, brownish-red or reddish-brown. 
Rugose, wrinkled; roughened with wrinkles. 
Ruminated (albumen), penetrated with irregular channels or portions, as a nutmeg, 

looking as if chewed. 
Runcinate, coarsely saw-toothed or cut, the pointed teeth turned towards the base of 

the leaf, as the leaf of a Dandelion. 
Runner, a slender and prostrate branch, rooting at the end, or at the joints, 40. 

Sabulose, growing in sand. 

Sac, aiiy closed membrane, or a deep pursenshaped cavity. 

Baccate, sac-shaped. 

Sagittate, arrowhead-shaped, 53. 

Salsuginous, growing in brackish soil. 

Salver-shaped, or Salver-form, with a border spreading at right angles to a slender 

tube, 89. 
Samara, a wing-fruit, or key, 122. 
Samaroid, like a samara or key-fruit. 
Sap, the juices of plants generally, 136. Sapwood, 142. 
Saprophytes, 37. 
Sarcocarp, the fleshy part of a stone-fruit, 12^ 
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Barmentaceout^ SarmetUosef bearing long and flexible twigs (8armentt)f eitbei 

spreading or procumbent. 
Saw-toothed^ see terratty 55. 
Scabrous f rough or harsh to the touch. 

Scalariformy with cross-bands, resembling the steps of a ladder, 134. 
Scales, of buds, 28 ; of bulbs, &c, 46. 
Scalloped^ same as crenate, 55. 
Scaly y fumished with scales, or scale-like in texture. 
Scandentf climbing, 39. 

Scape, a peduncle rising from the ground or near it, as in many Violets. 
Scapi/drm, scape-like. 
ScapigerouSf 8cape>bearing. 
Scar of the seed, 126. Ltafscarty 27, 28. 
Scarioua or Scariose, thin, dry, and membranous. 
Scion, a shoot or slip used for grafting. 
Sderof, Greek for hard, hence Sclerocarpous, hard-fruited. 
Scobiform, resembling sawdust. 

Scorpiind or Scorpioidal, curved or circinate at the end, 77. 
Scrobiculate, pitted ; excavated into shallow pits. 

Scurf, Scurjinesi, minute scales on the surface of many leaves, as of Goosefoot. 
Scutate, Scutiform, buckler-shaped. 

Scutellate, or Scutelliform, saucer- shaped or platter-shaped. 
Secund, one-sided; i. e. where flowers, leaves, &c., are all turned to one side. 
Secundine, the inner coat of the ovule, 110. 
Seed, 125. Seed-leaves, see cotyledons. Seed-vessel, 127. 
Segment, a subdivision or lobe of any cleft body. 
Segregate, separated from each other. 
Semi-, in compound words of Latin origin, half; as 
Semi-adherent, as the calyx or ovary of Purslane; Semicordate, half-heart-flhaped; 

Semilunar, like a half-moon; Semiovate, half-ovate, &c. 
Seminal, relating to the seed (Semen). Seminiferous, seed-bearing. 
Sempervirent, evergreen. 
Sensitiveness in plants, 149, 152. 
Senary, in sixes. 

Sepal, a leaf or division of the calyx, 14, 79. 
Sepaloid, sepal-like. Sepaline, relating to the sepals. 
Separated Flowers, those having stamens or pistils only, 85. 
Septate, divided by partitions. 
Septenate, with parts in sevens. 

Septicidal, where dehiscence is through the partitions, 123. 
Septifercus, bearing the partition. 

Septifragal, where the valves in dehiscence break away from the partitions, 123. 
Septum (plural septa), a partition or dissepiment. 
Serial, or Seriate, in rows ; as Mserial, in two rows, &c. 
Sericeous, silky; clothed with satiny pubescence. 
Serotinous, late in the season. 

Serrate, the margin cut into teeth (Serratures) pointing forwards, 55. 
Serrulate, same as the last, but with fine teeth. 
Sessile, sitting; without any stalk. 

Sesqui', Latin for one and a half; so Sesquipedalis, a foot and a half long. 
Seta, a bristle, or a slender body or appendage resembling a bristle. 
Setaceous, bristle-like. Setifo'-m, bristle-shaped. 
Setigerous, bearing bristles. Setose, beset with bristles or bristly hairs. 
Setula, a diminutive bristle. Setulose, provided with such. 
Sex, six. Sexangular, six-angled. Sexfarious, six-faced. 
Sheath, the base of such leaves as those of Grasses, which are 
Sheathing, wrapped round the stem. 
Shield-shaped, same as scutate, or &8 peltate, 53. 
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Skruby Shruhhy, 39. 

Sieve-ceUSf 140. 

Sifftnoid, curved in two directions, I\ke the letter S, or the Greek tigma, 

SiUcUy a pouch, or short pod of the Cress Family, 123. 

SUiculose, bearing a silicle, or a fruit resembling it. 

SiUque, capsule of the Cress Family, 123. 

Siliquoief bearing siliques or pods which resemble siliqnes. 

Silky, glossy with a coat of fine and soft, close-pressed, straight hairs. 

Silver-grain^ the medullary rays of wood, 139. 

Silvertfj shining white or bluish-^ray, usually from a silky pubescence. 

Simple f of one piece ; opposed to compouftd, 

SirUstrorsey turned to the left. 

Sinuate, with margin alternately bowed inwards and outwards, 55. 

Sinus, a recess or bay ; the re-entering angle between two lobes or projections. 

Sleep of Plants (so called), 151. 

Smooth, properly speaking not rough, but often used for glabrous, i. e. not pu- 
bescent. 

Soboliferous, bearing shoots (Soboles) from near the ground. 

Solitary, single ; not associated with others. 

Sordid, dull or dirty in hue. 

Sorediate, bearing patches on the surface. 

Sorosis, name of a multiple fruit, like a pine-appl3. 

Sorus, a fruit-dot of Ferns, 159. 

Spadiceous, chestnut-colored. Also spadix-bearing. 

Spadix, a fleshy spike of flowers, 75. 

Span, the distance between the tip of the thumb and of little finger outstretched, six 
or seven inches. 

Spathaceous, resembling or furnished with a 

Spathe, a bract which inwraps an inflorescence, 76. 

Spatulate, or Spathulate, shaped like a spatula, 52. 

Species, 175. 

Specific Names, 179. 

Specimens, 184. 

Spermaphore, or Spermophore, one of the names of the pli\centa. 

Spermum, Latin form of Greek word for seed; much used in composition. 

Spica, Latin for spike ; hence Spicate, in a spike, Spiciform., in shape resembling a 
spike. 

Spike, an inflorescence like a raceme, only the flowers are sessile, 74. 

Spikelet, a small or a secondary spike; the inflorescence of G\'a88e8. 

Spine, 41, 64. 

tipindle-shaped, tapering to each end, like a radish, 36. 

Spinescent, tipped by or degenerating into a thorn. 

Spinose, or Spiniferous, thorny. 

Spiral Vessels or ducts, 135. 

Spithameous, span-high. 

Spora, Greek name for seed, used in compound words. 

Sporadic, widely dispersed. 

Sporangium, a spore-case in Ferns, &c., 158. 

Spore, a body resulting from the fructification of Cryptogamons plants, in them 
the analogue of a seed. 

Spore-case (Sporangium), 158. 

Sporocarp, 162. 

Sport, a newly appeared variation, 176. 

Sporule, same as a spore, or a small spore. 

Spumescent, appearing like froth. 

Spur, any projecting appendage of the flower, looking like a spur but hollow, as 
that of Larkspur, fig. 239. 

Squamate, Squamose^ or Squamaceout, furnished with scales (squama). 
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SquameCate, or Squamulotef furnished with little scales (Squameliaf or Squamula), 

Squamtform, shaped like a scale. 

Squarrostf where scales^ leaves, or any appendages spread vridely from the axis on 

which they are thickly set. 
Bqttarrulotey diminutive of aquarroH ; slightly squarrose. 
StachySf Greek for spike. 

Stalkf the stein, petiole, peduncle, Sec*, as the case may be. 
Stamen, U, 80, 98. 

Staminate, furnished with stamens, 86. StanUneal^ relating to the stamens. 
Staminodium, an abortive stamen, or other body in place of a stamen. 
Standard^ the upper petal of a papilionaceous corolla, 92. 
Starch, 136, 163. 

Station, the particular kind of situation in which a plant naturally occurs. 
Stellate, Stellular, starry or star-like; where several similar parts spread out from 

a common centrv, like a star. 
Stem, 39. StemUi, diminutive stem. 
Stemless, destitute or apparently destitute of stem. 
Stenos, Greek for narrow ; hence Stenqphyllotu, narrow-leaved, &c. 
Sterile, barren or imperfect. 

Stigma, the part of the pistil which receives the pollen, 14, 80, 105. 
Stigmatic, or Stigmatose, belonging to the stigma. 
Stipe (Latin Stipes) j the stalk of a pistil, &c., when it has any, 112; also of a Fern, 

158, and of a Mushroom, 172. 
Stipel, a stipule of a leaflet, as of the Bean, &c. 
Stipellate, furnished with stipels, as in the Bean tribe. 
Stipitate, furnished with a stipe. 

Stipulaceous, belonging to stipules. Stiptdate, furnished with stipules. 
Stipules, the appendages one each side of the base of certain leaves, 66. 
Stirps (plural, stirpes), Latin for race. 
Stock, used for race or source. Also for any root-like base from which the herb 

grows up. 
Stole, or Stolon, a trailing or reclined and rooting shoot, 40. 
Stohfdferous, p»x)ducing stolons. 

Stomate (Latin Stoma, plural Stomata), the breathing-pores of leaves, 144. 
Stone-fruit, 119. 
Storage4eaves, 62. 

Stramineous, straw-like, or straw-colored. 
Strap-shaped, long, flat, and narrow. 

Striate, or Striated^ marked with slender longitudinal grooves or stripes. 
Strict, close and narrow; straight and narrow. 

Strigillose, Strigose, beset with stout and appressed, stiff or rigid bristles. 
Strobilaceous, relating to or resembling a 
Strobile, a multiple fruit in the form of a cone or head, 124. 
Strombulijorm, twisted, like a spiral shell. 

Strophiole, same as caruncle, 126. Strophiolate, furnished with a strophiold. 
Struma, a wen ; a swelling or protuberance of any organ. 
Sfrumose, bearing a struma. 
Stupose, like tow. 

Style, a stalk between ovary and stigma, 14, 80, 105. 
Styliferous, Stylose, bearing styles or conspicuous ones. 
Stylopodium, an epigynous disk, or an enlargement at the base of the style. 
Suh-, as a prefix, about, nearly, somewhat; as Subcordate, slightly cordate; StABtr^ 

rate, slightly serrate; Subixillary, just beneath the axil, &c. 
Subclass, Sid)order, Subtribe, 178. 
Suberose, corky or cork-like in texture. 

Subulate, awl-shaped ; tapering from a broadish or thickish base to a sluup polnL 
Succise, as if cut off at lower end. 
Succubous, when crowded leaves are each covered by base of next above. 
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SuelerSj shoota from subternmemi branches, 30. 

Suffrutescenf, slightly shrubby or woody at the base only, 39. 

Suffruticote, rather more than suffrutescent, 37, 39. 

StUcate^ grooved longitudinally with deep farrows. 

Superior, above, 96; sometimes equivalent to posterior, 96. 

Supernumerary Buds^ 30, 31. 

Supervduie, plaited and convolnte in bud, 97. 

Supine, lying flat, with face upward. 

8iq>ra-axlllaryf borne above the axil, as some buds, 31. 

Supra^eoompound^ many times compounded or divided. 

Suretdose, producing suckers (Surculi) or shoots resembling them. 

Suspended, hanging down. Suspended ovules or seeds hang from the very summit 

of the cell which contains them. t 

Sutural, belonging or relating to a suture. 

Suture, the line of junction of contiguous parts grown together, 106. > 

Stoord-shaped, applied to narrow leaves, with acute parallel edges, tapering above. | 

Syconium, the fig-fruit, 124. 
Syhestrinef growing in woods. 

Symmetrical Flower, similar in the number of parts of each set, 82. 
Sympetalous, same as gamopetalous. 
Sympode, Sympodium, a stem composed of a series of superposed branches in such 

a way as to imitate a simple axis, as in Grape-vine. 
Synantherous or Syngenesious,::.y9\ieT^ stamens are united by their anthere, 100. 
Syncarpous (fruit or pistil), composed of several carpels consolidated into one. 
Synonym, an equivalent superseded name. 
Synsepalous, same as gamosepalous. 
System (artificial and natural), 182, 183. 
Systematic Botany, the study of plants after their kinds, 9. 

Tabescent, wasting or shrivelling. 

Tail, any long and slender prolongation of an organ. 

Taper-pointed, same as acuminate, 54. 

Tap-root, a root with a stout tapering body, 32-35. 

Tawny, dull yellowish, with a tinge of brown. 

Taxonomy, the part of botany which treats of classification. 

Tegmen, a name for the inner seed-coat. 

Tendril, a thread-shaped organ used for climbing, 40. 

Terete, long and round; saine as cylindrical, only it may taper. 

Terminal, borne at, or belonging to, the extremity or summit. 

Terminology treats of technical terms ; same as Glossology, 181. 

Ternate, Ternately, in threes. 

Tessellate, in checker-work. 

Testa, the outer (and usuallj' the harder) coat or shell of the seed, 125. 

Testaceoiis, the color of unglazed pottery. 

Tetra- (in words of Greek composition), four; as, Tetrncoccous, of four cocci. 

Tetradynatnous, where a flower has six stamens, two shorter than the four, 101. 

Tetragonal, four-angled. Tetrngynous, with four pistils or styles. Tetramerous, 

with its parts or sets in fours. Tetrandrous, with four stamens, 100. 
Tstraspore, a quadruple spore, 169. 

Thalamafiorous, with petals and stamens inserted on the torus or Thalamus* 
ThaUophyta, Thallophytes, 165. 
Thallus, a stratum, in place of stem and leaves, 165. 
Theca, a case; the cells or lobes of the anther. 
Thecaphore, the stipe of a carpel, 113. 
Thorn, an indurated pointed branch, 41, 42. 
Thread-shaped, slender and round or roundish, like a thread. 
Throat, the opening or gorge of a monopetalous corolla, &c., where the border and 

the tube join, and a little below. 89. 
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Thyrse or Thyrstu, a compact and pyramidal panicle of cymes or cymules, 79. 

Tonitntose^ clothed with matted woolly hairs (tomentum), 

Tonffue-shaped, long and flat, but thicliish and blunt. 

Toothedf furnished with teeth or short projections of any sort on the margin; used 
especially when these are sharp, like saw-teeth, and do not point forwards, 55. 

Top^hapedf shaped like a top, or a cone with apex downwards. 

Torosty Torulose, knobby; where a cylindrical body is swollen at intervals. 

Torus, the receptacle of the tlower, 81, 112. 

Trachea, a spiral duut. 

Trachys, Greek for rough ; used in compounds, as, Trachy^permouSf rough-eeeded. 

Transoerse, across, standing right and left instead of fore and aft 

Tri- (in composition), three; as, 

Triadelphous, stamens united by their filaments into three bundles, 99. 

IriandrouSf where the flower has three stamens, 112. 

THbe, 178. 

Trichome, of the nature of hair or pubescence. 

Trichutomotis, three-forked. Tricoccous, of three cocci or roundish carpela. 

Tricolor, having three colors. Tricoatatef having three ribs. 

Tricuspidutt, three-pointed. TridentatCf three-toothed. 

Tritnnialy lasting for three years. 

Trifarious, in three vertical rows; looking three ways. 

Tiijid, three-cleft, 56. 

TrifoUate, three-leaved. Tiifoliolatef of three leaflets. 

Trifurcate^ three-forked. Trigonous, three-angled, or triangular. 

Trigynous, with three pistils or styles, 116. TiijugatCf in three pairs (jugi). 

Trilobed or Trilobate^ three-lobed, 55. 

TrilocuUir, three-celled, as the pistils or pods In flg. 828-330. 

Trimerous, with its parts in threes. Trimoiphismf 117. Tritnorphic or Trimor- 
pkous, ill three forms. 

Trinervnte, three-nerved, or with three slender ribs. 

Tnacious, where there are three sorts of flowers on the same or different individ- 
uals, as in Red Maple. A form of Polygamous. 

Tripartible, separable into three pieces. Tripartite, three-parted, 55. 

Tripetalous, having three petals. 

Tripkyllous, three-leaved ; composed of three pieces. 

Tripinnate, thrice pinnate, 59. Tripinnatijid, thrice pinnately cleft, 67. 

Triple-1-ibbed, Tnple-yierved, &c., where a midrib branches into three, near the base 
of the leaf. 

Triquetrous, sharply three-angled; and especially with the sides concave, like a 
bayonet. 

Triserial, or Triseriate, in three rows, under each other. 

Tristichtus, in three longitudinal or perpendicular ranks. 

Tristigmatic, or Tristigmntose, having three stigmas. 

THsuhate, three-grooved. 

Tritei-nate, three times ternate, 59. 

Trivial Name, the specific name. 

Trochlear, pulley-shaped. 

Trumpet-shaped, tubular; enlarged at or towards the summit 

Truncate, as if cut off at the top. 

Trunk, the main stem or general bodv of a stem or tree. 

Tube (of corolla, &c.). 83. 

Tuber, a thickened portion of a subterranean stem or branch, provided with eyes 
(buds) on the sides, 44. 

Tubercle, a small excrescence. 

Tubercled, or Tuberculafe, bearing excrescences or pimples. 

Tubceform, trumpet-shaped. 

Tuberous, resembling a tuber. Tuberiferous, bearing tubers. 

Tubular, hollow and of an elongated form; hollowed like a pipe, 91. 
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Tvbtdiflorouij bearing only tnbular flowen. 

TuniaiUj coated ; invested with layers, as an onion, 46. 

Turbinate, top-shaped. 

Turio (plural turiones), strong young shoots or suckers springing out of tbe ground * 

as Asparagus-shoots. 
Tumip^hapedf broader than high, abruptly narrowed below, 35. 
Twining, ascending by coiling round a support, 39. 
Type, the ideal pattern, 10. 
Typicati well exemplifying the characteristics of a species, genus, &c. 

Uliginose, growing in swamps. 

Umbel, the umbrella-like form of inflorescence, 74. 

Umbellate, in umbels. Umbelliferous, bearing umbels. 

Umbellet (umbellula). a secondary or partial umbel, 76. 

Umbilicate, depressed in the centre, like the ends of an apple; with a navel. 

Umbonate, bossed; furnished with a low, rounded projection like a boss (umbo). 

Umbraculiform, umbrella-shaped. 

Unarmtd^ destitute of spines, prickles, and the like. 

Uncial, an inch (uncia) in length. 

Uncinate, or Uncate, hook-shaped ; hooked over at the end. 

Under-shrub, partially shrubby, or a very low shrub. 

Undulate, or Undate, wavy, or wavy-margined, 66. 

Unequally pinnate, pinnate with an odd number of leaflets, 66. 

UnguicuUite, furnished with a claw (unguis), 91. 

Uni-, in compound words, one; as Unicellular, one-celled. 

Unijlorous, one-flowered. Unifollate^ one-leaved. 

Uni/oliolate, of one leaflet, 59. Unijugate, of one pair. 

Unilabiate, one-lipped. Unilateral, one-sided. 

Unilocular, one-celled. UnlmUate, having only one ovule* 

Uniserial, in one horizontal row. 

Unisexual, having stamens or pistils only, 85. 

Univahed, a pod of only one piece after dehiscence. 

Unsymmetrical Flowers, 86. 

Urceolate, urn-shaped. 

Utricle, a small thin-walled, one-seeded fruit, as of Goosefoot, 131. 

Utricular, like a small bladder. 

Vaginate, sheathed, surrounded by a sheath (vagina), 

Valve^ one of the pieces (or doors) into which a dehiscent pod, or any similar V^v, 
splits, 122, 123. 

Valvate, Valvulai', opening by valves. Vahate, in aestivation, 97. 

Variety, 176. 

Vascular, containing vessels, or consisting of vessels or ducts, 134. 

Vascular Cryptogams, 156. 

Vaulted, arched ; same &» fornicate* 

Vegetable Life, &c., 128. Vegetable anatomy, 129. 

Veins, the small ribs or branches of the framework of leaves, &c., 49, 60. 

Veined, Veiny, furnished with evident veins. Veinless, destitute of veins* 

Veinlets, the smaller ramifications of veins, 50. 

Velate, furnished with a veil. 

Vehtinous, velvety to the touch. 

Venation, the veining of leaves, &c., 60. 

Venenate, poisonous. 

Venose^ veiny ; furnished with conspicuous veins. 

Ventral, belonging to that side of a simple pistil, or other organ, which looks to- 
wards the axis or centre of the flower; the opposite of dorsal; as the 

Ventral Suture, 106. 

VentricosCf inflated or swelled out on one side. 

15 
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Venulme^ furnished with reinlets. 

Vermicular, worm-like, shaped like worms. 

Vernal, belonging to spring. 

VertMtion, the arrangement of the leaves in the bad, 71. 

Vemicosef the surface appearing as if varnished. 

Vertticose, warty; beset with little projections like warts. 

Versatile, attached by one point, so that it may swing to and fro, 101. 

Vertex, same as apex. 

Vertical, upright, perpendicular to the horizon, lengthwise. 

Verticil, a whorl, 68. Verticillate, whorled, 68. 

Verticillaster, a false whorl, formed of a pair of opposite C3'me8. 

Vesicular, bladdery. 

Vespertine, appearing or expanding at evening. 

Vessels, ducts, &c., 134. 

Vexillary, Vexillar, relating to the 

VexiUum, the standard of a papilionaceous flower, 92. 

Villose, shaggy with long and soft hairs (Villosity). 

Vimineous, producing slender twigs, such as those used for wicker-work. 

Vine, in the American use, an}' trailing or climbing stem; as a Grape-vine. 

Virescent, Viridtscent, greenish; turning green. 

Virgate, wand-shape ; as a long, straight, and slender twig. 

Viscous, Viscid, having a glutinous surface. 

Vitta (plural vittce), the oil-tubes of the fruit of Umbellifera;. 

Vitellme, y?llow, of the hue of yolk of egg. 

Viviparous, sprouting or germinating while attached to the parent plant. 

Voluble, twining; as the stem of Hops and Beans, 39. 

Volute, rolled up in auy way. 

Wavy, the surface or margin alternately convex and concave, 56. 

Waxy, resembling beeswax in texture or appearance. 

Wedge-shftped, broad above, tapering by straight lines to a narrow base, 63. 

Wheel-shaped, 89. 

Whorl, an arrangement of leaves, &c., in circles around the stem. 

Whorltd, arranged in whorls, 68. 

Wing, any membranous expansion. Wings of papilionaceous flowers, 92. 

Winged, furnished with a wing; as the fruit of Ash and Elm, fig. 300, 801. 

Wood, i;i3, 142. Woody, of the texture or consisting of wood. 

Woody Fibre, or Wood-Cells, 134. 

Woolly, clothed with long and entangled soft hairs. 

Work in2>lants, 149, 155. 

Xanthos, Greek for yellow, used in compounds ; as Xanthocarpus, yellow-fruited. 

Zygomorphous, said of a flower which can be bisected on^ in one plane into similar 
halves. 
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